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developing  a practical  pest  management  pregran. 


Setlsfactory  control  of  the  spider  mite  population  and  a good  plant 
condition  as  defined  by  plant  leaf  count  were  achieved  from  predator  release 

vml!  as  their  predator  populations  suggested  tliai  timing  of  acsrlcides 
should  be  applied  at  two-week  Intervals.  Data  also  shared  that  P.  macro- 
pl I Is  was  a promising  alternative  control  measure  to  chemical  control. 

'Pest  load  capacity'  and  'tolerance  capacity'  of  stravAcrry  plants 
to  the  twospotted  spider  mite  population  density  were  studied.  A 'pest 
load  capacity'  was  dntarmined  to  be  21  to  30  mites  per  leaf  and  'toler- 
ance capacity'  to  be  5 to  b miles  per  leaf  from  four  rcgressicn  lines. 

Population  densities  of  ten  generations  of  twospotted  spidei'  mite 
and  its  predator,  P.  mneropi  1 is.  were  used  to  esUnete  tl>e  best  Initial 
predator-prey  ratio  O' I2S) . This  ratio  (I ; IZS)  was  the  only  one  which 
appeared  to  reach  the  equilibrium  point  among  the  tested  ratios. 

Development  of  resistance  of  twospotted  spider  mite  to  naled  and 
dicofol  were  meesured  in  the  laboratory  and  in  the  field.  DIcofol  l.b 


CC  applied  at  I lb  al/ecre  is  the  be: 
Icals.  Among  all  the  two-chemlcal  o 
combination  of  dicofol  (1.6  EC,  0.5 


. acarlclde  nr 
three-chemical  m 
I al/acre)  and  naled  (8  EC 
>t  show  any  antagonistic  e 


t strategy  which  Integrated  blocorttrol  with 
COA-I2223.  with  increased  aanonium  nitrate  (four  lbs  per  plot)  fertilizer 


nitrate  (fa 


the  hypatheilcAl  regression  model,  the  optinal  plent 
nalnlBlncd  by  releese  of  the  predotor  ot  a predator 


Introduction,  Predecors  being 


CWnER  1 
IKTRODUCTION 

The  objective  of  pest  inanasemetit  is  the  protection  of  crops  throiJ9h 
the  application  of  technology  dosigned  to  nptitnize  econonic  return  wlth- 

nent.  Several  possibilities  exist  for  the  ndnagenent  of  spidor  mite 
populations.  Plant  resistont  vcrTcties  thec  have  been  developed  through 
braading  (Shanlcs  and  barritt,  1975).  blologicei  control  agents  (ncNurtry 
etal-,  IS7D,  PruszynskI,  1973,  Svenson,  1973),  cultural  practices  end 
genetic  manipulation  (McEnroe,  1970,  Ong  and  Beifantyne,  1974,  Overmeer, 
1973],  and  chemical  applications  or  integration  of  these  tactics  have 
ail  been  used.  The  management  of  twospocted  spider  silte  population 
depends  upon  and  is  facilitated  by  (I)  adoguate  knowledge  of  the  mite’s 
biology,  life  history,  and  host-plant  reiotionshlp,  (2)  sufficient  data 
on  the  population  dynamics  of  the  spider  mite  end  Its  natural  anemies  as 
well  as  tha  interactions  between  predator  and  prey,  (3)  Judicious  use  of 
chcmlcei  acaricides,  (4)  timing  of  peat  tsanagement  tactics. 

Experlmanis  weru  designed  to  coiloct  data  on  the  basic  biology  end 
ecology  required  for  post  management.  The  methodology  used  consisted 
of  basic  statistical  analysis,  such  ss  the  fitting  of  regression  models, 
and  some  roletively  well-developed  theories  of  control  engineering 
described  by  differential  equations  or  derivatives  thereof.  The  experi- 
mente  and  dsta  analyses  were  designed  to  show  quanil tatlvely  how  mathe- 


metical  nto(lclIn9  of  blodynonic  systems  of  predacor-prey-host  plant  relation 
or  mul tlorganioiaic  aystems  Is  feasible  in  ecological  and  practical  pest 


indicated  by  the  following  chapter  headings;  (I)  Clupter  2 describes 

Chapter  3 shows  by  quantitative  and  minerlcal  approeclies  the  significance 
of  the  initial  ratio  of  predator-prey  predation,  as  viell  as  other  factors 
which  affect  the  host  plant,  pest  and  its  predator  population;  (3)  Chopter 
4 deals  with  polynomial  regression  models  fitted  by  both  weighted  and 


unweighted  le,nst  squares  for  the  purpose  of  estimating  the  best  release 
ratio  of  predator  to  Its  prey;  (4)  Chepter  $ interprets  the  past  load 
capacity  and  tolerance  capacity  of  stravrberry  plants  undar  experinantal 
condition;  {s)  in  Chapter  6 the  nearness  of  the  estimation  of  predator- 
prey  ratio  to  the  ecological  equilibrium  line  Is  imesured  by  the  value 
of  fi-sqvare  of  linear  and/or  curvi I Inear  regression  lines. 

Selection  of  chemicals  and  methods  for  pest  control  are  discussed 
In  Chapters  7 and  B.  Since  rosistance  of  spider  stite  population  to 
acaricldcs  has  been  frequently  reported  (Abo-£]-6har,  1972,  Abo-EI-Ghar 
and  goudreata,  1938,  Cranham,  1974,  Hansen,  I9S8.  Helle,  1983,  Hefnroe 
and  bekocy,  1989.  Ong  and  ballantyne,  1974),  toalcological  tests  of  the 

ore  discussed  In  Chapter  7.  In  Chapter  8,  a field  experiment  Is  employed 


synergistic 


antagonistic  aFfccts  from  using  two  and  three  chemicals  in  combination  are 
discussed  and  evaluated. 


CHAPTEn  Z 
ExresiMEN'tS 

The  commercial  strawben'v  variety  'TIo^o'  plants  From  nurseries  In 
Cel Ifornia  find  North  Carolina  were  set  at  the  Unlversi ty  of  Florida  AgrI* 
cultural  Research  am!  Education  Center  fit  Bradenton,  Florida,  during 
nid  October  1973,  through  plastic  mulch  on  raised  beds  oF  Leon  Fine 
sand.  Fortlllaer,  18-0-2S,  ot  the  rate  of  I.DDO  lbs  per  acre  end  two 

middle  of  a 3*  x 9'  bed  prior  to  mulching.  Chemical  classes  of  nemsticldes 
were:  Organic  phosphates:  Ethoprep  (0~ethyl  S,  S-dlpropylphorodl thioata) , 
and  CSA-12723  (0-  <5-Chloro-l-(l-methyl)-IH-l , 2,  b.  -trIniol-3-yl)  D, 
O'diethyl  phosphorothloate] ; Catbemate;  Carbofuren  (2,  3,  -dlhydro*2, 
2'dImethyI-7  benzofurany  methylcarbamate) , which  were  also  broadcast 

gallons,  b lbs  al  per  100  gallons,  and  10  lbs  al  per  100  gallons  respeC' 
tlvely.  Plots  oF  6 plants  were  set  In  double  rows  oF  3 plants  each  on  12- 
In.  center  and  3 plots  were  set  on  the  sane  bed  {Figure  la).  The  plots 
tsaking  up  the  treatment,  conA»!notIon$  . with  six  healthy  rdrust  plants 

a l-in.  wide  tangIcFoct  barrier  on  the  plastic  mulch.  The  number  oF 
spider  mltas  per  plant  was  determined  by 


rounting, 


released  singularly  w'tK 


a fine  camel  brush  unto  each  plane  In  sufficient  nisnber  to  establish  the 
designed  ratio  of  predator-prey.  The  experimental  design  was  set  out  in 
a completely  randonized  block  design  arrangement.  Two  replicates  of  the 
California  source  and  at  the  high  asmonlum  nitrate  level  trade  up  two  of 
the  four  blocks.  The  remaining  two  blocks  contained  the  North  Carolina 
source  at  the  low  annonliza  nitrate  level  (Figure  la) . CGh-12223  was 
applied  to  the  plots  containing  the  North  Carolina  plant  source,  bthoprop 
was  applied  to  one  of  the  blocks  containing  the  California  source  while 
earbofuran  was  applied  to  the  other  plots  containing  tire  California  plant 
source.  Cheek,  no  nematlcides  applied,  was  assigned  to  the  North  Carolina 

Predators  for  release  rere  obtained  fr«n  a twospotted  spidsn  mite 
population  colonized  on  potted  lima  bean  plants,  van.  'Hendersen'  (Shih 
£t  a_^.,  1976a,  1976b).  The  first  release  of  predator  mites  was  mode 
Oh  January  17,  197^  and  the  number  of  mites  per  leaf  Including  both  prey 
and  predator  wore  monitored  weekly  through  March  21,  I976.  Observations 
and  assessments  of  mite  population  were  made  under  a lOx  magnification 
on  the  plant  leaves  to  avoid  manual  defoliation  effects. 

Each  of  the  k,  6-strawberry  plant  plots  which  are  not  treated  with 
any  nematlcides,  has  an  arwonium  nitrate  level  either  high  or  low.  fertl- 

plot  of  Nllj,N0j  were  added  atop  the  middle  of  3'  x 9*  bed  prior  to  mulching. 
The  design  arrangement  containing  four  blocks  Follows  a two-way  classIFI- 


le  utiUzIng  strawberry  sc 


h strawberry  plants  of  tbe  Callfor- 

atecNanlsm  of  applying  fertilizers  arrti  planting  and  sampling  of  straw- 
berry are  tlie  same  as  described  in  Experiment  1A.  Unlike  the  blocks  in 

Data  frcoi  both  experiments  were  analyred  using  analysis  of  variance 

Dum'nci’s  multiple  range  test  and  Dunnutt's  test.  Probability  of  rela- 
tionships. over  0 period  of  four  weeks,  between  population  densities 
of  predator  ond  prey,  or  predator  In  the  past  and  present,  or  prey  in 
the  past  and  present,  and  between  population  densities  of  prey  and  host 
plant  condition  (number  of  leaves  par  plant)  wcie  established  by  cerrela- 
tion  coefficients.  Based  upon  the 

unweighted  least  sguares  methods.  The  best  releac 
from  the  regression  equations. 

The  weighted  least  squares  method  Is  used  Poi 
when  the  observations  are  correlated  and/or  when  ' 
observations  are  not  all  equal.  The  ordinary  (um 
estimation  formulae  are  not  valid  In  tliese  cases. 


’itted  by  both  weighted  and 
'elease  ratio  was  obtained 

'd  for  a regression  analysis 
Chen  the  variances  of  the 
reighted)  least  squares 


Che  unweighted  least  squares  syscecne,  the 
be  transforeied  to  ocher  variables  which  are  uncorrelaCed  and  have  equal 
variances  (Drapper  and  Smith,  1968).  Coeff IcIetrCs  of  correlation  and 
partial  correlation  wore  used  to  establish  two  regression  models  which 
would  estimate  the  'pest  load  capacity'  and  ‘tolerance  capacity'  levels 
of  the  host  plant  to  Che  phytophagous  mite  load.  Seasonal  density  and 
fluctuations  of  predator  and  prey  populations  were  used  Co  determine 
which  predator-prey  release  ratio  was  most  likely  to  reach  an  ecological 
equilibrium  politt  at  the  time  the  plant  approached  its  maalmum  pest 
carrying  capacity. 

The  techniques  used  and  the  resulting  regression  models  fitted  were 
the  efforts  made  In  order  to  reach  the  folloieing  objectives:  (I)  to 
estimetc  the  best  release  ratio  based  on  plant  condition,  which  Is  dis- 
cussed In  Chapter  b;  (2)  to  estlnotc  'pest  load  capacity'  and  'tolerance 
capacity'  of  strawberry  plant,  which  are  discussed  In  Chapter  5;  and 
(3)  to  establish  ecological  equi I Ibrlian,  which  Is  discussed  In  Chapter  6. 

TWO  blocks  of  eemuercial  strawberries  of  ‘Tiogn’  variety  were  planted 
at  the  University  of  Florida  Agricultural  and  Research  Education  Center 
at  Bradenton,  Florida,  during  mid  October  of  1973.  Each  block  consists 
of  sixteen  beds  with  three  3'  x 9'  plots  In  each  bed  In  a plot  arrange- 
ment similar  to  the  Illustration  In  Figure  lb.  Fertilizer,  18-0-25,  at 


prior  to  mulching.  Two  rows  of  nine  plants  each  were  set  on  12"  cente 
through  plastic  polyethylene  mulch  on  a raised  bed  of  Leon  send.  The 


two  btodcs  were  sprayed  weekly  with  nsled  and  dicofol,  rospoctlycly, 

cants  was  conducted  In  the  labonatory  before  each  weekly  spraying.  Within 

applied  with  a hand  sprayer  at  a dosage  egulvalenc  to  TOO  gal  water  per 
acre  and  at  a concentration  eguIvaUnt  to  of  the  last  testing.  The 

LCjjj  test  was  conducted  In  Che  following  manners.  Young  females,  eelvsed 
within  twenty^four  hours,  were  collected  with  a lima  bean  leaf  frem  each 
plot.  The  leaves  were  kept  fresh  In  plastic  water-tubes  (manufactured 
by  Syndicate  Sales,  Inc.,  Kokomo.  Indiana).  Fifty  young  females  from 

ralcroslide,  under  a )0  x dissecting  scope  with  a NO.  OO  canel  hair  brush. 

The  slides  with  mites  were  kept  on  a slide  holder  and  placed  In  a desic- 
cator In  which  was  kept  a tray  of  water  and  a RK  of  35-100);  was  maintained. 
The  acaricldes,  naiad  and  dicofol,  were  dissolved  in  acetone  to  malte  a 
welghted/volimc  stock  solution.  They  were  further  diluted  with  a solvent 
of  1:1  acetone  : water  mixture  Into  desired  concentrations  (Saba,  1371). 
When  all  the  required  nwnber  of  slides  with  mites  were  prepared,  the 
slides  of  mites  frem  each  block  ware  Individually  dipped  in  their  respec- 
tive loxicents  of  various  concentrations  for  two  seconds.  The  treated 
slides  with  mites  were  also  kept  In  a desiccator  with  S5-100S  Relative 
Hunldity.  The  entire  LCgjj  test  was  conducted  at  a temparaturo  of 
27  i 2 C.  Mortal ity  was  counted  under  a 10  x magni ficatlon  twenty-four 
hours  after  dipping.  If  a mite  was  lightly  stroked  with  a camel  hair 
brush  end  no  responses  of  waving  legs  were  found,  It  was  counted  as  dead. 


The  date  were  analyzed  for  by  using  linear  regression  lines  {Snedeoor, 

1946). 


Coomercial  'Tioga*  strawberries  were  planted  in  mid  October,  1979 
through  black  plastic  polyethylene  niulch  on  raised  beds  of  Leon  sand  at 
University  of  Florida  Agricultural  Research  and  Education  Center,  Brad- 
enton,  Florida.  Fertilizer  (IS-0-2S)  was  applied  at  a rate  of  1,000  lbs 


February  6,  21,  and  Harch  6.  1974  to  the  plots. 

Each  plot  received  dlcofol,  naled,  ornlce  or  a combination  of  toxicants 
(Table  12).  In  order  to  avoid  possible  Incodipatlbi I Ity  of  the  Ingredients 
in  e mixture,  whenever  possible,  emulsl flable  concentrates  (EC)  were 
nixed  as  were  wettable  powders  (WP) . Spider  ml  te  populations  were  sao' 
pled  on  January  24,  31,  February  6,  22,  and  march  8,  1974.  Ten  strawberry 

mites  were  brushed  from  the  leaves  with  a Henderson-HcBurnie  machine 
onto  a glass  plate.  Population  counts  ware  made  under  a 10  x nagnlfl- 


Two  rates  of  organotin  (Vandeil’^  were  tested  In  addition  to  the  pre- 
s ‘ chemicals  (Table  13).  mite  populations  were  determined  frean  ten 


of  January  25  wtro  taken  Icnredlataly  before  the  chemical  spray  and  were 
used  as  a correction  factor.  Thereafter,  sarepics  were  taken  on  January 
30,  31 , 'February  1 , 3,  k,  and  6 to  faeasure  the  response  of  spider  lulte 

oiodined  Abbott 's  formulaeA,  E,  and  C (Hendrrson  and  Tl  Iton,  1955). 

[nent,  T the  average  number  of  mites  per  leaf  per  plot  after  treatment, 
C.  Is  the  mean  number  of  mites  per  leaf  par  5 plots  from  the  check  plots 


ge  number  of  mites  per  leaf 
the  mean  number  of  mites  pt 
y 5,  day  6,  or  dny  5 after  I 


ber  of  mites  par  leaf  * 
percentage  mortality  fi 


c Initial  populatior 


percentage  recovery  frem 


Sample  (fata  from  iKperlaientsSA  and  3B  wre  tested  for  slgnlfleaaee 
through  an  analysis  of  variance  and  slgdjflrant  means  mere  detenalned 
using  both  Duncan's  multiple  range  test  and  Dunnett's  test-  Data  of 
Eeperlment  3B  were  used  to  determine  the  synergistic  or  antagonistic 


URTICftE  Kl 


CHAPUB  3 

lOLOGY  OF  7WOSPOTTED  SPIDES  MIH, 
. AND  ITS  PBEDATOR,  PHTTOSEIULUS 
(BAKU)  ON  STBAUEERRV  PUNT 


species  has  been  recognlTed  for  years.  However,  fn-depth  studies  of 
these  predators  and  their  prey  relations  are  United  to  population 
dynamics  with  little  observation  on  host  plant  reaction.  Studies  In 
Europe  with  Phvtoseliilus  persInlTls  Athias-Kenriot  (Degljarov,  I9S9, 
Bernndt,  IJ73.  Llpa.  I973.  Prusiynskl.  1973.  Scopes.  1973)  and  in  the 
United  States  with  Phytosellds  (Huffoker  £t  £l_. 1969.  HcHurtrv  et  at. . 
1969.  Oalmn  and  Hc«ortry.l965.  Oatmsn  et  el.. . 1968.  Shih  et  el...  19?6a. 
1976b)  Indicate  that  tlneiy  releases  of  predacious  nltas  would  ba  of 
value  In  managing  twospotted  spider  mite  populations  on  crops  of  high 
economic  value,  such  as  strewberries.  ornamentaYs.  and  vegetables.  Parr 
and  Hussey  (1967)  showed  that  the  density  of  the  predator  Phvtoseiulus 
nerslnl I Is  at  Introduction  was  critical  to  spider  mite  control.  The 
spider  ml te  population  Increases  at  a rate  of  r^  ■ 0.331  (Shi h ^ . 

trlnslc  rate  of  Increase  of  the  predator  and  prey  populations.  The 
optimal  ratio  of  predator  released  to  prey  present  should  be  higher 
then  the  Parr  and  Hussey’s  studies  Indicated. 

■ biological  control  agent,  a thorough  understanding  of  the  biology  of 


the  predator  ai>d  tts  irrteraotton  vlth  in  proy  and  other  various  laanage- 
neht  practices  is  essential.  Effective  control  of  spidar  pile  fay  pre- 
dator mites  depends  on  predator  densities  at  Intreductlon,  and  on  maln- 
tainlng  the  correct  balance  between  predator  end  prey  (Burnett,  1971, 

Hussey  etel..  I9S5,  Parr  and  Hussey.  )967>. 

Leaf  count  has  been  used  to  indicate  the  effect  of  spider  pite 
density  on  plant  conditions.  Runners  or  transplants  of  strawberry  plants 
generally  develop  their  crowns  and  leaf  area  before  estabi Ulunent  or 
expansion  of  roots  (White,  1327).  Mann  end  Ball  (1929)  reported  that 
the  root  growth  of  strawberry  becemes  moat  active  after  a growing  period 
of  shoots,  leaves,  and  flowers.  Also,  following  a rapid  and  active 
period  of  new  leaf  and  fiower  formation  strawberry  plants  reach  their 
highest  dry  weight  during  fruiting  seeson.  Deterioration  of  leoves  Is 
usually  caused  by  senescence,  disease  or  trechanical.  Injury.  Bolton 
(1966)  showed  ihst  deterioration  of  leaves  by  a pathogenic  disease  resulted 
In  severe  decrease  In  yield.  The  deterioration  and  loss  of  leaves  and 
their  susceptibility  to  pathogenic  parasites  would  undoubtedly  be  enhanced 
by  spider  mite  damage.  Since  spider  mite  damage  on  strawberry  plants 
results  directly  In  reduction  of  leaves  and  Indirectly  In  reduction  of 
root  system,  dry  weight,  and  yield,  it  seems  proper  to  compere  plant 
condition  in  relation  with  spider  mite  density  In  number  of  leaves  per 

In  this  chapter,  the  responses  of  spider  mite  population  and  plant 
condition  to  different  predator  population  densities,  aimonium  nitrate 
levels,  host  plant  sources,  nematlcldes  and  their  Interactions  are  studied. 


le  purpose  oF  this  chapter  Is  to  determine  the  minimum  level  of  predS' 
ir  release  depending  upon  actual  menber  of  spider  mites  in  the  field 


pest  nanagement. 


!S  of  nursery  plants, 
id  predator  mites  were 


I nematiclde  t: 


ici'lment  IB  In  Chapter  2.  Da 
a two'dimens  lorral  diagram  to 


e as  described  in  Experiment  lA  and 
I from  E;rpcriment  lA  were  also  plotted 


dltlon,  twospotted  spider  mite  population  densities,  and  P.  isaeropM Is 
population  densities  to  initial  predator  release  ratios  (Figures  2,3,4, 
5,  and  S] . 

The  cooiblned  effects  of  initial  predator  release  ratios  on  two* 
spotted  spider  mite  population  densities  and  plant  conditions  aro  Intel 
preted  by  an  effective  index  which  Is  caleulaced  es  follows, 

EfFcotIvc  Index  * (Seasonal  average  ntenber  of  leaves  per  plant  on 

nianber  of  leaves  on  control  plots)  / (weekly 
averege  number  of  spider  mites  on  predator  intre 
duced  plots  - weekly  averege  nuaiber  of  spider 
mites  on  control  plots) 


*kOwn  In  Flsnrns  2, 

‘Gy  release  ratios.  Seasonal  max- 
Oopulatlon  occurred  where  the 

‘e  no  predator  Is  released  (Table 


3,  4,  and  Table  i,  for  five  pnedator-p 
lonan  density  of  twospocted  spider  mite 
Initial  release  ratio  was  1:32.  This 

I),  The  best  plant  condition,  indicated  by  the  maxlBium  nu 
per  plant,  was  found  rdiere  one  predator  was  released  for  c 

on  Che  control  plot  and  the  1:2  release  ratio  plot  (Table  I).  A 
positive  correlation  between  the  ratio  of  predators  released  at  intro- 
duction and  the  seasonal  average  number  of  predators  is  found  in  all 
predator  releose  plots  except  the  1:16  plot  (Table  1).  For  example, 
the  plot  with  Che  highest  ratio  of  predators  released  at  Introduction 
has  the  highest  seasonal  number  of  predators  found.  Cenerally,  there 
are  no  significant  differences  on  the  weekly  plant  response  to  the 
different  initial  predator  ratios,  but  there  are  differences  when  meas- 
urements are  based  on  the  seasonal  cisnulaclve  effects  [Appendices  2,  3, 
and  M. 


for  the  egg  stage  is  aiuch  higher  than  that  of  individuals  of  all  active 
stages  within  the  same  spider  mite  population.  The  nunbers  of  eggs  and 
all  active  stages  arc  2fl.8  t B.l  and  9.4,?  6.6  t SD) , respectively. 
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The  nue^er  of  eggs  Is  signi f Icently  greater  thee  the  number  of  Indl- 
vlduels  of  all  active  stages  (t  - 3.55,  P = 0.0').  Under  Che  predator 
released  condition  (Experiment  lA),  the  number  of  Individuals  In  the 
active  stages  is  higher  then  the  number  in  the  egg  stage  in  all  ratios 
but  1:16  (Table  1).  In  the  control  plot  (Experiment  19).  the  number 
of  spider  nite  eggs  is  about  twice  that  of  the  combined  active  stages, 
whereas  in  predator  introduced  conditions  the  active  stages  (X  ■ ISb-b) 
arc  about  twice  as  numerous  as  eggs  (X  ■ 56.9).  The  plant  condition  on 
all  pradator  release  plots  and  the  control  plots  declined  during  the 
first  four  weeks  then  began  to  Improve  with  the  fifth  week  (Figures  5,6). 
Snider  Hite  PoouiatTon  Density  ftespense  to  Initial  Release  Ratio  and 

The  population  density  of  spider  mites  responded  significantly  to 
the  predator  density  at  the  Introduction  as  did  the  predator  population 
to  the  spider  mite  density  (Figures  2,  3,  4,  Appendices  1.  2).  Ail 
spidernile  populations  increased  at  ell  release  ratios  except  Che  1:2 

spider  mite  population  within  a week  (Figures  2a,  2b,  2c).  The  average 
tiee  required  for  predators  CO  reduce  the  spider  mite  population  to 
less  than  twenty  to  thirty  individuals  per  leaf  (Chapter  5]  was  about 
two  weeks,  hewever  the  1:32  ratio  required  about  three  weeks  (Figure  2). 
Spider  mite  population  density  In  the  control  plot  reduced  rapidly  end 
reached  a population  size  less  than  twenty  to  thirty  Individuals  at  the 
second  week  because  of  the  condition  of  the  host  plants  (Figure  5f). 

The  population  of  spider  mites  on  all  plots  wos  suppressed  to  under 
thirty  Individuals  per  leaf  for  four  weeks  and  then  the  population 


under  the  'pest  load  capacity'  of  the  strawberry  plant  (Chapter  $) , 

The  initial  ratios  of  1:2  and  Itb  were  not  decreased  (Figures  2a,  2b, 

S 2c).  The  spider  mite  population-density  which  crashed  resulted  frem 
the  two  weeks  high  density  on  the  host  plants  (Figures  3a,  3b,  S-  3c). 
Although  the  host  plants  recovered  within  three  to  four  weeks  after 
the  population  crash,  the  spider  mite  population  did  not  correspond- 
ingly Increase  (Figure  Sf) . 

The  relationships  between  the  population  density  In  the  present 
weak  and  that  in  past  weeks  are  shown  In  Table  8.  There  is  a positive 
correlation  coefficient  (r  ■■  0.17)  between  population  densities  of 
spider  ffiltes  of  two  consecutive  weeks,  and  they  are  sign! ficantly  corra- 
lated  to  each  other  (P  - 0.05).  Negative  correlations  between  raite  den- 
sities with  a two-week  difference  were  not  significant  at  SX  leva!  (P  - 
0.67).  A highly  significant  correlation  coefficient  (0.22,  P - 0.01} 
was  found  between  mite  density  with  a three-week  difference,  but  there 
was  very  little  correlation  between  those  with  a four-weak  difference 
(Table  8).  These  data  indicate  that  the  population  density  of  spider 
elites  fluctuation  around  a two-week  cycle  (Figures  2 & S) . 

The  plant  condition  was  not  significantly  affected  by  the  magnitude 
of  twospotCed  spider  nite  population  density  as  shown  by  the  small  neg- 
ative correlation  values  (Table  8,  Figure  5).  The  correlation  coefficients 
between  present  plant  condition  and  the  population  density  of  the  spl- 

ative.  And,  although  the  correlations  were  small,  the  magnitude  of  the 


correlation  between  the  present  plaiit  cbndltion  and  the  spider  mite 

with  a correlation  of  r “ -0.034  for  the  previous  week,  the  correla- 
tions were  r * -0.124,  r ■ -0.147,  and  r -0.133  for  the  previous 


spider  mite  population  was  not  correlated  with  the  predator  density  of 

latlon  of  the  present  week  (Table  7) . 

One  third  of  the  total  contribution  to  the  average  correlation  coef- 
ficient (3^.10)  was  found  between  predator  populations  of  two  consecutive 


week  (Table  7) • 

The  population  density  of  the  predator  most  likely  depended  on  the 
tendency  WAS  determined  from  tiro  correlation  coefficient  (Table  7). 

t 0,03,  0,26  1 0.01,  and  0,14  t 0.003  (X  * SB),  respectively.  There 


tlcne  of  introduction,  rrovefthfeless  there  woe  no  significant  response 
(averogc  scasonoi  niaober  of  predators)  difference  between  predator 
release  ratios  of  1:2  and  iibb. 

of  Its  prey  but  was  not  significantly  correlated  to  simultaneous  host 
plant  condition  {Table  7).  A negative  correlation  coefficient  was  found 
between  the  plant  condition  and  the  predator  population  of  the  past  four 
weeks  (Table  7).  This  was  due  to  a predator  density  that  was  directly 
correlated  to  the  density  of  its  prey. 


r release  and  then  deci 
msTiber  of  Individuals  o 


r Introduction.  The  ai 


ntite  eggs  reached 
d during  the 


(Figure  3a). 
the  highest  Initial  pred- 


ler  initial  predator  release 
heir  peaks  within  I or  2 week 
h a population  density  of  1:3: 


reached  their  peak  at  the  third  week  Instead  of  the  second  week  (Figure 
3).  The  predator  popuTation  at  introduction  showed  a functional  response 
to  its  initial  density  at  Introduction  (Figure  3c,  S] . 


Effects  of  Nematlcldes  and  the  Interaction  with  Predatory  Wile  llensitv 


Effects  of  nematlcldes  and  the  interaction  with  predator  release 
ratios  on  plant  condition  and  mito  densities  are  shown  In  Tablesb  and 
6.  Among  the  nematlcide  treatments,  the  plant  condition  was  enhanced 
most  end  the  pest  population  decreased  most  by  CGA-12223  lOG.  When 
compared  to  the  check  plots,  the  numher  of  leaves  on  the  C6A-I2223 
created  plants  was  about  three  times  and 


roughly  1.5 


the  cthoprop-appMed  plots.  No  difference  wes  observed  between  the 
check  end  cerbofuren  plots  (Teb)e  4).  The  cerbofuran  Created  plots 
which  had  abooc  9.7  seasonal  spider  nites  per  leaf  had  the  highest  spider 
rtite  density  ainong  the  nematlclde  treated  plots,  while  C6A-I2223  treated 
plots  had  3.4  seasonal  average  mites  per  leaf  (Table  4).  There  was  no 
direct  effect  of  eheinlcal  on  the  seasonal  population  density  of  predatory 
mite  (Table  4).  The  seasonal  Interaction  between  nematlcides  and  pred- 


Among  the  nematlclde  treatment,  the  best  groups  of  plant  conditions 
were  found  on  plants  being  treated  witli  CGA-12223  and  predatory  nites 
release  at  ratio  of  1:6,  1:16,  1:32  and  cite  worst  groups  of  plant  condi- 
tion were  found  on  plants  that  were  treated  with  cerbofuran  and  a ratio 
of  1:4  nite  density;  cthoprop  at  ratio  of  1:32  mite  density;  and  check 
plants,  I.e,  neither  chemicals  nor  predator  release  plants  [Table  6). 
HInimal  spider  mite  densities  were  found  In  all  cheek  plots,  while  the 
greatest  densities  were  found  on  plots  of  CGA  with  1:4,  CGA  with  1:16, 
ethoprop  with  1:16,  end  carbofuran  with  1:32. 

Influence  of  Fertilirer  Level.  Plant  Source  and  the  Interaction  with 


Influence  of  fertilizer,  plant  source 


and  the  Interaction  with 
and  mite  densities  ire  shown 


Fertilizer  level.  High  aimonlum  nitrate  (4  lbs  per  plot  of  NH^^NO, 
besides  1,000  lbs  per  acre  of  18-0-29  fertilizer)  resulted  In  a greeter 


mite  de/isUles  over  the  season  (Table  z) , i-e-  the  higher  rele  of  armo' 
aiuni  nitrate  level  produced  the  better  plant  condition  and  biological 
pest  management  was  more  effective  on  these  plants. 

Plant  source.  The  ‘Tioga*  strawberry  plants  obtained  from  Collfor- 

2).  .Strawberry  plants  frcmi  Florida  were  more  susceptible  to  spider  mites 
and  had  a higher  population  density  of  mitos  than  either  California  or 
North  Carolina  plants  (Tabla  2).  The  North  Carolina  strat^erry  plant 
sources  supported  a higher  predator  density  than  plants  from  California 
or  Florida  (Tabla  2). 


ratio  on  the  host  plant  condition  showed  that  California  with  1:16  ratio 
combination  was  the  best  treatment  ccaiblnotlon  (>|6.0  leaves  par  plant) 

and  North  Carolina  at  1:8  release  ratio  (Table  *1).  The  interaction  of 
plant  source  and  release  ratio  on  Che  pest  population  was  Irregular  on 
plants  from  North  Carolina.  Howevei*,  on  the  California  plants  the  Influ- 
ence of  predator  release  ratio  on  the  occumulated  prey  density  was  sig- 
nificant (Table  5).  The  California  with  e l:h  ratio  treatment  combina- 

Ihe  California  at  IrSh  was  the  poorest  (Table  5).  Predator  density  was 


Discussion  and  Conclusion 

Although  weekly  measurements  of  the  past  and  predator  population 
density  and  host  plant  condition  (number  of  leaves  per  plant)  did  not 


• differ  significently,  Cite  cueuiative  seesunal  effects  niade  It  clear  that 
the  cofnpiea  interactions  existing  among  cxperinental  factors  showed  sig- 
nificant indluence  on  plant  conditions  and  predator  and  prey  populations 
(Appendices  2,  3f  and  h,  Tsbies  2,  3.  h.  5,  and  6).  Impl ications  frcei 
Che  analysis  of  variance  are  chat  tlie  independent  effects  of  Che  experi- 
mental variables  (predator  release  ratios,  annonluni  nl Crate  levels,  sources 
of  the  strawberry  plants,  and  nematiclde  treatments)  arc  different  for 
each  combination  of  variables,  and  hence,  must  be  studied  indepondentiy. 

Effect  of  Initial  predator  release  ratio.  The  matheisat leal  expression 
which  best  describes  indirect  response  of  plant  condition  due  to  the  ini- 
tial predator  release  ratio  takes  the  form  of  a quadratic  function,  I.e, 
the  ratio  of  1:1b  was  Che  best,  followed  by  1:8,  Ith,  1:32,  check  (no  pre- 
detor  release,  D:x),  and  then  1:2  (Table  1,  Figure  four  ranks  of  plant 

condition  are  disccrnable  according  to  predator  release  ratio:  a)  1:16,  b) 

higher  predator  release  ratios  may  not  be  the  best  for  the  control  of  prey 

predator  release  ratio  (1:16)  for  control  of  spider  mite  population  In 
order  CO  institute  Che  best  management  strategy,  A predicted  release 

population  density  that  occurred  on  leaves  can  be  grouped  Into  five  ranks: 
a]  check  (2.27) , b)  1:2  and  1:4,  1:8,  c)  1:4,  1:16,  d)  1:32  and  1:128, 
and  e)  i:64.  Although  check  plots  showed  the  lowest  spider  mite  density 
over  the  season,  the  seasonal  plant  condition  was  ranked  as  Che  worst; 


showed  the  highest  spider 


the  greetesc  potential 


nite  density.  There  Is  no  simple  criterion  to 
predator  release  ratio  at  introduction  Is  the  I 
purposes;  hmever,  the  ‘effective  Index’  shows 
lies  In  l:IS  predator  release  redo  (Figure  7) 
dator  release  ratio  for  control  of  Totranvchus  urticae  Koch  and  the  main- 
tenance of  plant  condition  In  this  study  was  I;l6. 

Table  } shows  the  highest  mean  of  predator  density  over  the  season 
is  l:6i;.  There  was  no  signifloant  difference  among  1:2,  1:4,  1:8,  and 
1:18  ratios  of  predator  release  plots  (Tables-  I and  3).  The  behavior  arid 
functional  responses  of  the  predator  to  prey  population  will  be  explained 


Effect  of  nematicides.  The  condition  of  plants  treated  with  C8A- 
12223  was  far  superior  to  those  treated  with  either  ethoprop  or  tarbofo- 
ran,  because  of  their  Influence  on  mite  population  (Table  4).  Ethoprop 
was  only  slightly  effective  on  suppression  of  elite  population.  As  for 
effect  on  pest  and  predator  pcpuletlon,  CGA-12223  suppressed  both  spider 
mite  and  predatory  mite  populations,  as  did  ethoprop  (Table  4),  whereas 
carhofuran  did  not  suppress  either  spider  mite  or  predatory  mile  popula- 
tions (Table  4).  According  to  the  pest  manage.ment  (potential)  value  In 
Table  4,  CCA-12223  Is  the  best  chemical  to  use  in  an  Integrated  pest 
control  management  progrem  for  spider  mites. 

per  plot  enhanced  plant  condition,  reflected  by  the  mnber  of  leaves  per 
plant,  but  there  was  no  evidence  that  ammonium  nitrate  level  Influenced 
pest  populations.  Coci^rlson  of  predator  population  densities  over  the 
seoson  for  the  true  different  fertility  levels  showed  that  the  high  rate 
of  annonlun  nitrate  was  superior  to  the  low  rate  in  maintaining  predatory 


density.  Even  though  the  pest  p^uUtloh  Ifensity  on  plants  grown  on  low 
and  high  amonlun  nitrate  levels  was  sitnilar,  the  meabcr  of  leaves  per 
plant  was  much  greater  at  the  higher  level. 

nia  produced  plants  was  higher  than  that  on  plants  frcoi  North  Carolina, 
and  seasonal  pest  population  densities  on  both  the  California  and  the 
North  Carolina  sources  were  ouch  less  then  those  on  the  Florida  produced 


mite  populations  cht 
more  tolerant  to  ml i 


Californio  strawberry  plants  supported  higher  spider 
those  of  the  North  Carolina  plants,  this  source  was 
damage  then  the  North  Carolina  source  as  Indicated 


Consequently,  the  best  pest  management  strategy  Integrating  biolo- 
gical control  with  soil  treatment,  fertilizer  and  plant  source  Indicates 
that  the  greatest  potential  lies  with  a California  produced  plent  grown 
in  soil  treated  with  CCA-I2223,  and  Increased  ammonium  nitrate  (four  lbs 
per  plot)  fertilizer  and  an  Initial  release  of  predator  at  a ratio  of  one 

Interactive  Effects  Among  the  Euaerincntal  Variables 

population 


Comparison  of  Interactions  among  plant  condition, 
density  and  predator  release  ratio  Is  very  complicated.  Therefore,  the 
Interactions  of  each  variable  with  Initial  predator  release  ratio  will 

porlson  of  seasonal  plant  condition  and  pest  population  density  showed 
that  a 1:16  predator  release  ratio  on  the  California  grown  plants  was 
the  best  combination  and  a 0 predator  release  rotio  on  the  North  Carolina 
grown  plants  was  the  poorest  combination  (Table  5).  However,  when  see- 


Inltist  predator  rolease  retloa,  the  plotted  ^raph  )b  a norraal  hell-shaped 

The  California  plants  with  a 1:64  release  ratio  had  the  highest  spider 
nlte  population  count  and  the  California  plants  with  1:2,  1:4,  1:16,  1:32 
had  the  lowest  counts  with  Che  exception  of  the  control  plot.  Therefore, 

It  Is  evident  that  the  California  plants  which  have  both  higher  leaf  count 

recovery  race  after  daiaagc  by  spider  nltes.than  Che  other  plants  tested. 
This  Indicates  that  the  California  plants  hove  a high  pest  load  capacity 
to  the  spider  mite  population.  Neither  high  nor  low  Initial  predator 
release  ratio  plots  showed  that  a good  plant  condition  could  be  correlated 
with  spider  mite  density  (figure  7)-  The  check  plot  of  the  North  Carolina 
plants  which  had  low  spider  lolte  density  and  few  leaves  per  plant  Indicated 
.that  a sitmII  seasonal  spider  pita  density  was  not  necessarily  the  result 
of  predator  suppression  of  the  spider  nlte  population.  Low  peculations 
also  result  from  deterioration  of  plants  due  to  earlier  demage  by  high 
spider  ml te  density  wi th  long  periods  of  damage  (Figure  5f) . 

plant  condition  was  recorded  In  plots  treated  with  CCA-12223  nematiclde 
and  1:8,  1:16.  and  1:32  Initial  predator  release.  All  ccrdilnBtlons  of 
neouiticlde  and  predator  density  were  much  batter  than  the  control  when 
plant  condl tlon  wos  measured.  The  nematiclde  appi lad  prior  to  mulching 
had  no  Influence  an  the  predator  population,  but  did  have  an  Influence 

12223  Is  the  best  fnr  enhancing  plant  condition  and  preventing  deteriora- 
tion of  plants  through  the  control  of  mites,  nemotodes, *and  soli 


Insects.  Among  the  various  combinations.  fefiA-12223  with  1:32  through 
1:8  initial  predator  release  ratios  resulted  in  the  best  plant  condition. 

The  spider  mite  population  during  the  study  period  on  CGA-12223 
treated  plants  regardless  of  predator  Introduction  densities  was  highest 
among  all  the  trealrsent  combinations.  In  addition  to  the  effectiveness 
of  CGA-12223  in  preventing  plant  deterioration,  It  Is  also  seen  that 
ethoprop  and  carbofuran  have  a significant  influence  on  enhancement  of 
plant  condition  (Table  6).  The  CGA-12223  with  1:B  to  1:32  Initial  pre- 

plonts.  The  enhanced  plant  condition  was  able  to  support  a high  spider 
mite  Increase  rate.  Vlth  a high  spider  mite  Increase  rate,  the  Initial 
predator  release  ratio  can  prevent  the  spider  mite  populations  from 
reaching  the  injury  threshold.  The  lowest  spider  mite  densities  and  the 
worst  plant  conditions  were  found  In  no  nematicide  treated  and  no  predator 
release  plots.  Consequently,  the  best  combinations  of  nematlcldes  and 
Initial  predator  release  ratios  would  be  able  to  enhance  the  plant  con- 
dition, but  did  not  necessarily  have  the  lowest  spider  mite  density. 

These  coBdilnations  (CGA-12223  with  1:8,  1:16,  or  1:32)  provide  sufficient 
control  of  spider  mites  below  a threshold,  and  consequently,  suppress  the 
seasonal  average  spider  mite  population  to  less  than  thirteen  Individuals 
per  leaf.  The  effect  of  mite  suppression  is  to  allow  maximum  enhoncamant 
to  the  plant  condition  (Figures  2,  5.  and  8).  With  the  other  treatment 
ccmblnatlons , either  the  Initial  predator  release  ratio  was  too  low  to 
obtain  sufficient  control  of  spider  mite  popuiaclens  In  time  to  prevent 
irreversible  damage  (Figure  5o)  or  the  Initial  predator  release  ratio 
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grants  then  Initiate  ne 
condttlons  [Flgura  5a). 


nd  elimination.  Surviving  spider  mites  or  Iniirl- 
colonies.  The  new  popuiecions  free  from  preda.. 

Ovnnmies  of  Prey  end  Predator  Poorletion  end 


of  active  photosynthesizing  leaves,  is  negatively  correlated  with  the 

week  (Table  8).  The  response  of  strawberry  plants,  measured  by  the  hum* 
bar  of  leaves,  to  spider  mite  density  Is  delayed  three  to  four  weeks, 
i.e,  the  spider  mite  population  exceeds  'pest  ioad  capacily'  (Chapter  5), 


to  four  week  tine  Interval  (Figures  5®,  5b,  5c,  5d,  and  5e),  The  converse 
Is  also  true,  I.e,  minimum  mite  population  densities  result  in  better 


‘density  on  the  host  Is  positively  correleted  with  the  population  level 
In  eech  of  the  pest  four  weeks  except  week  two.  Shih  ct  (197^) 


in  a three-weak  Interval,  This  is  Indicated  In  Table  8 where  mare  than 
a 0.20  positive  correletlon  coefficient  exists  between  any  two  populations 


Bnd  shorter  life  history  of  the  spider  mite,  respeetively.  The  negative 
correletlon  between  densities  of  nice  populoticns  of  two  weeks  aport  nay 
be  explslrved  based  on  Che  life  history  and  dispersal  behavior  of  young 
adult  nites  and  the  predatory  behavior  of  P.  nacrooiiis.  The  shortest 
life  cycle  of  a spider  nice  Is  about  seven  days  (Shlhat  197ta) . 

On  a heavily  populated  strawberry  plant  the  large  nusiber  of  new  eggs  be- 
cone  new  edulls  In  about  a week,  thus  the  high  density  In  the  following 
week,  however,  young  adult  spider  nites  become  highly  active  about  a 
day  after  ecloslon  and  eosC  nlgrate  fron  the  plant.  Also  the  egg  laying 
capacity  of  female  spider  nites  falls  drastically  about  ten  day  after 
ecloslon.  Therefore,  this  reduced  egg  production  together  with  the  nass 
exodus  of  offspring  creates  a very  low  populatlon'denslty  two  weeks  after 
the  Initial  high  density  on  Che  plant.  The  spider  nice's  predator,  2* 
nacropf I Is.  Is  attracted  to  areas  of  high  spider  mite  density.  This 
predator  multiplies  on  the  plant  and  after  one  week,  when  their  offspring 
appear,  reaches  a high  population  number.  Their  predation  also  helps  to 
reduce  the  spider  mite  population.  The  details  of  Che  oscillations  of 
two  populations  are  described  In  Chapter  6.  Since  predator  population 
is  strongly  correlated  with  seasonal  average  spider  nice  population  in- 
stead of  the  seasonal  average  plant  condition,  there  Is  no  evidence  to 
suggest  cha  predator  release  directly  enhances  the  plant  condition. 

Shfh  £t  oJ_.  {1976b)  sheared  that  £.  macropi 1 1s  has  a high  population 
increase  rate  and  a high  potential  for  controlling  the  spider  mite  popu- 
lation. Table  7 indicates  that  the  predator  population  dansicy  Is  signlf- 
cantly  and  positively  correlated  to  the  present  prey  population  density 


Therefore  a populetfoh  of  spider 


Initially 


predation,  but  once  present,  the  predators  Increase  very  rapidly  and 
reduce  the  prey  density  within  two  weeks  (Table  7,  Figure  5) . 

The  practical  strategy  for  spider  mite  control  on  strawberry  Is  to 
maintain  the  spider  mlta  population  Instead  of  eliminating  It,  Even 
though  the  population  density  of  spider  mitos  at  the  beginning  of  tte 
experiment  was  high,  satisfactory  control  of  the  spider  mite  population 
and  □ good  plant  condition  were  achieved  from  predators  released  at  a 
1:16  ratio.  The  functional  and  dynamic  responses  of  spider  mites  as 
well  es  their  predetor  populations  suggested  that  the  timing  of  acariclde 
applications  are  very  important.  In  order  to  minimize  the  effect  of  the 
predaceous  reltcs,  we  can  suppress  the  spider  mites  if  an  acariclde  Is 
applied  at  two-week  Intervals  Instead  of  ona-week  Intarvels,  An  altcrna- 

ol lIs  for  spider  mite  control  on  strawberry  (Shih  at  , I9?6b) , However, 
the  timing  and  release  technique  for  using  P.  macropll Is  needs  to  be  re- 
serve the  cost  of  rearing  and  labor  to  release  them  but  the  techniques 
would  require  close  monitoring  of  field  populations. 


CHAPTER  4 

THE  HYPOTHETICAL  PREOICTION  OF  SEST  PHYTOSEIULUS  KACROPILI5  (HANKS) 
DENSITY  ON  CONTROLLING  TVOSPOTTtO  SPIDER  HITE,  TETRANYCHliS  UHTICAE 
KOCK,  AT  INTRODUCTION 

niltes.  Pruszynskl  (1973)  showed  Chat  the  predation  potential  oF  Phvtoselu- 
lus  persint 1 Is  Athlos-Kcnriot  Is  a legist I a funation,  I -e.  predatory  rate 
Increased  when  prey  density  Increased  to  an  upper  Unit.  Svensort  (1973) 
reported  that  spider  nite  control  In  glasshouses  was  possible  with  oer- 
slmi  Us  on  a large  scale  In  Sweden.  Laing  and  Osborn  (1974)  studied  Che 
functional  and  nuoorlcol  responses  of  the  predatory  nites,  porslnl Us . 
Hetaselulus  occtdentalls  (Nesbitt),  and  Alffelvselus  ehllensls  (Dossc) , arid 
showed  that  there  were  no  prey-predator  Interferent  effects.  The  prey- 

by  Kolling  (1961).  Bnrriett  (1971)  reported  that  Aeblvseiulus  fallacls 
(Gaman)  will  reduce  natural  populations  of  T.  urticao  over  a range  of 

sufficient  time.  Oatnan  « (196ft)  and  HcHurtry  (1966)  reported  that 

release  of  320,000  P.  perslml Us  per  acre  significantly  affected  spider 

Kowever,  they  gave  no  data  to  show  the  Initial  actual  or  relative  popula- 

Successful  control  of  spider  elites  depends  largely  on  maintaining 
the  critical  balance  between  predator  and  prey  with  regard  to  Initial 
predator-prey  ratio  at  the  time  of  predator  introduction  as  previously 


descrilKd  fn  Chapter  3.  Hussey  at  £1-  (l963)  and  Parr  and  Hussey  (I967) 
Indicated  that  satisfactory  spider  mite  manipulation  depends  upon  time 
of  predator  release  and  density  of  predator  at  Introduction.  The  mmi- 

ulatlon  density  of  prey,  but  depended  upon  the  number  of  plants  per  given 
area  at  one  week  after  inoculation  with  thirty  spider  mites  (Peer  and 
Hussey,  1967).  .However,  they  concluded  Ihet  'several'  predators  on 
every  fifth  plant  was  the  most  economic  and  efficient  density  at  intro- 
duction for  control  of  spider  mites.  In  this  Chapter,  we  shall  attempt 
to  estimate  the  relationship  between  Initial  predator  density  and  sea- 
sonal plant  condition  or  pest  population  using  mathematical  models. 

The  estimation  Is  performed  by  fitting  the  models  to  observed  data  using 
regression  technlrjues. 


The  experimental  design,  materials  and  methods  are  as  described  in 
Experiment  lA,  Chapter  2.  The  model  developed  was  based  on  the  assump- 
tion that  there  is  a correlation  or  relationship  between  the  seasonal 
plant  condition  and  post  population  density  and  the  predator  density 
at  Introduction.  A simplified  hypothetical  causal  network  among  the 
"inputs,"  i.e.  plant  condition  level  and  spider  mite  population  density, 
Is  depicted  In  Figure  8.  The  arrows  indicate  directions  of  causation. 
Predatory  mites  directly  affect  spider  mite  density  and  the  letter 
directly  affects  the  plant  condition.  The  plant  condition  Indirectly 
responds  to  the  predator  density  v6en  the  spider  mite  Is  present.  These 
hypothetical  Interactions  may  be  represented  by  equations  h.I,  U.2,  and 
4.3.  In  these  equations,  subscript  I denotes  the  plot  In  which  the  value 
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of  the  variables  was  determined,  and  and  are  disturbance 

or  error  terms  for  cduetlons  4.1.  4.2,  and  4.3,  respectively,  and  are 


PC  - f (S|.  u,^,)  (4,1) 

Si  -f  Cl.  “j,,)  (4.2) 


- f (f  (P,,  Ujj.),  ■ 

■MP,.  U3,.)  (4.3) 

in  equations  4.1  and  4.2  respectively,  PC  and  S are  considered  as 


endogenous  variables,  and  S and  P as  predeterntned  variables.  In  other 
words,  PC  and  5 are  determined  by  S and  P respectively  through  the  func* 
tlonal  relationships.  In  a real  world  situation,  the  observed  results 

variables.  For  example,  the  plant  condition  observed  in  plot  1 is  the 
sum  of  the  negotlve  Indirect  effects  of  spider  mite  feeding  density 

cause  of  the  spider  mite  density.  However,  for  simplification,  we 
shall  measure  the  plant  condition  only  as  the  effect  of  the  predetermined 
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The  node]  equdtTons  presented  for  discussion  es  follows. 


(4.5) 


X : Initial  predator  density  tines  32  at  Introduction, 

I.e.  (mnber  of  predators/huntber  of  prey)  x 32. 

: the  effect  of  average  Influence  on  of  e unit  change  In 


Uj  : disturbance  term  or  randen  error;  assumed  to  be  normally 
distributed  with  mean  equal  to  0 and  variance  equal  to 


Table  I gives  the  mean  and  standard  dt 

large  value  of  the  standard  deviation  are  considered  or  assumed  to  be 
less  reliable  than  are  the  others  with  smaller  standard  deviation  values. 

Is  performed  to  adjust  for  the  level  of  dependab 1 1 1 ty  of  each  pre- 
determined variable  (Draper  and  Smith,  I5S6).  Also,  a corresponding 
unweighted  least  square  analysis  Is  performed  to  allow  a conparison  with 
the  weighted  regression  model  to  be  made. 

Results  and  Discussion 

Rolynocnlal  regression  analysis  using  weighted  and  unweighted  least 
squares  produced  four  regression  lines  that  depict  some  relationship 
between  the  dependent  variables  (seasonal  average  number  of  leaves  per 
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]>lsnt  and  seasonal  average  number  of  spider  RilCes  per  leaf)  and  the  Inde- 
pendent variable  (predator-prey  ratio  at  Introduction).  These  four  nul- 


I I.  Weighted  regression  line  for  plant  condition. 

Y|  - 25,l|li4  * 4.5826  (X  x 32)  - 0-8071  (X  « 32)* 
♦ 0.0302  (X  * 32)^ 


P < 0.15  (F-value  " 5.313) 

Y|  : seasonal  average  number  of  leaves  per  plant. 

X : Initial  predator-prey  ratio  (number  of  predators/nunber  of 
prey  at  Introduction). 

Y,  - 22.8834  ♦ 6.7604  (X  >;  32}  - I.I0S5  (X  x 32)* 

♦ 0.0423  (X  X 32)^  (4.7) 

R*  = 0.635 

P <•  0.25  (F-value  - 1.517) 

Where  Y.  and  X are  as  defined  In  Kedel  I. 

Yj  - 25.3342  + 6.8343  (X  X 32)  - O.3I27  (X  x 32)^ 

* 0.0332  (X  X 32)^  (4.8) 

R*  = 0.346 

P < 0.03  (F-value  ■■  IT. 683) 


'WT. 
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Y : seasondl  average  numlier  of  spltier  mites  per  leaf, 
prey  at  Introduction) . 

Hodel  I|.  Unweighted  regression  line  for  spider  mtte  density. 

Y • 36.8890  * 8.6OI17  [X  X 32)  - I.6MI1  {X  X 32)* 

4 0.0652  (X  X 32)^  (4,9) 


The  maximum  end/or  the  minimum  nimther  of  leaves  per  plant  (plant 
condition)  can  be  estimated  from  equations  4.6  and  4.7  by  setting  the 

model)  Is  small,  only  the  weighted  regression  model,  i.e.  equation  4.6 
timum  plant  condition.  The  first  derivative  of  equation  4,6  Is 


dy  n 

Y'  . 4,8826  - 1. 6142  (X  X 32)  4 0,0906  (X  X 32)' 

and  upon  setting  the  derivative  equal  to  zero,  the  resulting  values  (roots) 
of  (X  X 32)  are  • 

(X  X 32)  " 13-955  and  (X  x 32)  - 3-8618 


The  values  of  the  releese  ratio  X ontf  the  corresponding  estimated  plant 


X - I3.955/J2  - l/J-293  (predotor/prey) , Y = l8.1‘iy 

X “ 3-662/32  “ 1/8.286  (predalor/prey) , Y « 33.673 


9ased  on  these  values  the  estimated  optimum  initial  predator  to  prey 
ratio  at  introduction,  derived  from  the  equation  i«.6  of  plant  condition, 
is  1:8.286  (Figure  9) . 


Hodal  h has  smell  R-square  (8.191)  and  F (0.116)  values  (Figure  10) 

comparison  with  the  unweighted  regression  model.  The  seasonal  spider 

was  discussed  in  Chapter  3-  Therefore  the  ciroice  of  best  predator-prey 
ratio  at  predator  release  is  dependent  upon  (1)  the  highest  seasonal 
overage  population  density  of  spider  mites,  which  is  always  found  with 
the  best  plant  condition,  because  of  the  potential  support  a healthy 
plant  offers  to  pests,  and  (2)  the  predicted  upper  limit  of  seasonal 

mite  density  from  any  given  release  ratio.  This  upper  limit  Is  estimated 
to  be  1:6  (predator:prey)  (Figure  10)  fren  equation  h.6,  which  is  solved 
In  the  same  way  as  equation  6,6.  In  conclusion,  the  optimal  plant  con- 

the  plant  condition  is  the  response  observed  or  density  of  spider  mites 
Is  the  dependent  response.  Predators  being  released  at  higher  or  lower 


initial  predator-prey 


'M  '■ 


CHAPTER  5 

CAPACITY  OF  STRAWBERRY  PLANTS  TO  WITHSTAND  7MOSPOTTED  SPIDER 
HITES,  TETRANYCHUS  URTICAE  KOCH 

ConsIHerabls  rescareh  has  been  Hone  In  population  ecology.  The 
following  pertinent  theories  of  Nicholson,  Andrewertha  and  Birch,  Hllne, 
Chitty,  and  Pimentel  are  discussed;  (A)  Nicholson  (I95h)  Indicated  that 

by  'requisites'  necessery  for  the  growth  end  aiul tipl Icatlon  of  organism, 
and  used  the  term,  'density  factors',  for  the  functional  relations  which 
exist  between  requisites  and  the  population  numbers  of  Chat  species; 

{b)  Andrewartha  and  Birch  (1951')  statad  Chat  animal  popjlotlon  might 
bo  limited  In  three  ways;  (I)  by  shortage  of  resources,  (2)  by  Ineccessl- 
bl ! I cy  of  these  material  resources  relative  to  the  animal's  capaci ties 
for  dispersal  end  searching;  and  (3]  by  shortage  of  time  when  the  intrin- 
sic rate  of  Increase  (r)  Is  positive;  (C)  Hllno  (1957a,  1957b,  1962) 


eDfshasIzcd  the  Influence  of  environmental  conditions  by  stressing  the 
negative  density  relationship  to  account  for  natural  control;  (D)  Chitty 
[I960]  reported  thet  a population  Is  numerlcolly  'self-regulating'  through 
a genetically-induced  allella  which  may  be  Inverse  to  the  average  vltel- 
Ity  of  tite  ladtvTduals  In  e population  ai;d  population  density;  (E)  Pimen- 
tel (1961)  emphasized  mutual  adaptation  betwaon  the  Inherent  properties 
of  species  and  their  food  resources  or  natural  enemies.  In  other  words. 


ho  applied  the  evolutionary  principles  to  the  problems  c 
dynamics  by  proposing  a genetic  feed-back  mechanism  for 


population 
he  datermlns- 
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tion  of  numisers.  Theoretical  considerations  of  population  regulation 

different.  In  a slnple  situation,  popuiatlon  self-regulation  and  factors 

ccmplex  situation,  the  Influences  of  climatic,  edaphic,  and  biotic  factors, 
population  movement  toward  equilibrium,  control  of  pests  at  an  economic 
level,  natural  selection,  and  popuiatlon  dynamics  must  be  considered, 

population  could  theoretically  expand  indafinltely  pnovided  that  food 
and  habitat  are  In  Infinite  supply.  When  eithen  Is  United,  montallty 
tends  to  adjust  the  population  accordingly,  1,e.  for  the  death  of  seme 
Individuals  enhances  the  ability  of  survivors  to  obtain  better  resources 
(Lloyd,  1958,  Nicholson,  1933.  Pearl,  1925,  Chapman,  1928).  To  achieve 

against  an  average  Individual  when  the  population  density  Is  high,  and 
less  severely  against  the  Individual  when  the  density  Is  low  (Nicholson, 
1933,  ISbh] , Nicholson  (]95h)  illustrated  the  relationships  between 
population  density  and  envi ronmentai  factors,  but  did  not  Indicate  how 
these  factors  governed  population  balance. 

This  chapter  will  bo  concerned  with  the  Influence  of  plant  condition 
on  mile  pegsulation  density.  The  host  strawberry  plant  affects  spider 
nites  not  only  by  providing  them  directly  or  Indirectly  with  food,  but 
also  by  furnishing  a habitat  with  a favorable  microclimate.  Conceivably, 
under  confinement,  the  condition  of  the  strawberry  plants  could  signifi- 


esntty  Influence  population  density  to  spider  oiltes. 

The  question  of  what  Is  the  manlmuB  pest  load  that  can  be  tolerated 
by  a strawberry  plant  without  change  in  host  plant  condition  is  Important 
In  understanding  the  population  dynamics  of  spider  nites.  ^ 'pest  load 
capacity'  Is  defined  as  the  macimum  nunbcr  of  pests  (spider  mites)  that 
plants  can  support  without  negatively  affecting  plant  condition,  while 
•tolerance  capacity'  Is  the  maxlmuin  number  of  pests  that  can  be  supported 
without  Influencing  the  maximum  rate  of  Improvement  of  plant  condition, 

I.e.  growth  of  new  parts.  Thus  the  plant  condi tion  Improves  at  the  seme 
rote  when  a plant  is  free  of  pest  as  when  the  plant  has  pests  but  below 
the  tolerance  level.  The  term  of  'pest  load  capacity'  differs  from  the 
'carrying  capacity'  of  Verhulst  (IB38)  and  Pearl  and  Reed  (1920).  They 
assumed  that  the  actual  rate  of  Increase  per  Individual  was  a logistic 
function  and  was  regulated  by  population  density  through  decreasing 
'population  Increase  rale'  and  Increasing  'population  death  rate.'  Ac- 
tually this  self  regulation  cf  intrinsic  rate  of  increase  seldCRi  occurs 
in  natural  conditions,  because  the  status  of  the  food  supplies  are  living, 
reproducing  plants.  The  limitation  of  food  supply  does  regulate  the  in- 
trinsic rate  of  increase  to  affect  the  pest  population  density.  In  this 
chapter,  the  relationships  of  the  'post  load  capacity'  and  tolerance 
capacity'  of  strawberry  plants  are  discussed. 

haterials  and  Hethods 

The  experimental  design  and  materials  and  methods  used  were  described 
previously  for  Experiment  lA  in  Chapter  2.  The  plant  condition,  number 


Rpsu'fs  ■tid^scusslon 

Analysis  of  four  lnde]>e^de0j^^'^Iablc5  (four  spider  nite  population 
densUles)  at  weekly  differences  To  e'perlod  of  four  weeks  Indicated 
that  there  were  two  oiultlple  repression  lines  which  showed  the  correla* 

two  multiple  repression  lines  are: 


Y “ 38-70  t 7.J9  X + 75.111  X - 382-92  X + 2I.B3X 
I I 2 3 A 

4 0.12  (X  X X ) - 337-88  (X  X X ) 4 M5.06  (X  x X ) (5.1) 

1 2 2 3 3 9 

R - 0.912 

,p  a 0.0001  (F-value  - 20.708) 


Y|  : the  nuiiber  of  leaves  lost  during  the  past  four  weeks- 

X],  X^.  X^,  Xtf  : natural  logarithm  of  number  of  mites  per  leaf 
at  weeks  t-h,  t-3,  t-2,  and  t-l,  respectively. 

If  assumed  that  the  mite  population  density  during  the  four  weeks 
remained  at  a constant  level  (I ,i . X " Xj  " X^  - Xj  - X^) , and  tha t Y- 
0,  (I.e.  plant  condition  did  not  chang  due  to  the  presence  of  the  spider 
mite  population) , the  'pest  load  capacity'  can  be  solved  from  equation 
5.1  as  a quadratic. 

(A25.06  X^  - 337-88  X^  40.12  X^)  4 (21,83  X - 382.92  X 4 75.41  X 4 


7.39  X)  4 38.70  - 


87.30  X*  - 278.29  X * 38.70 


(5. la) 


■ therefcpre  X = 0.|l<57.  a*  = e®' i 1 (mItes/leaf) 

O'"  * ■ 3.0112,  a*  = e5-0‘*20  i 21  (nltes/leaf) 

2.  When  number  of  leaves  per  plant  was  increased  over  four  week  period, 
fj  “ -l‘i.‘>3  - 44.66  X|  - 20.65  Xj  ♦ 67.19  Xj  ♦ 127.80  X,, 

* 20.03  (X|  X Xj)  - 28.93  (Xjx  Xj)  - 71-92  (X^  x X^)  (5.2) 

R*  - 86.64 

P - 0.0005  (F-value  - 14.75) 


plant  during  the  past 


*1  ’ *2‘  *^3'  \ ' ***  logarithm  of  number  of  mites  per  leaf  et  weeks 

t-4,  t-3.  t-2,  and  t-1,  respectively, 

Again,  if  X - X,  »X^  - X^  * X^,  and  - 0,  the  -pest  load  capacity' 
can  be  solved  from  equation  5.2: 


Yj  - -14-43  - 44.66  X - 20.65  X * 67,19  X + I27.S0  X * 
20.03  X*  - 28.93  X*  - 71 .92  X*  = 0 


-80.82  X^  t 129.69  X - 14.43  - 0 

X-  1.4843.  10*430 

X-0.12  10*4  1 


(5.2a) 


the refore 


(ml  ces/leaf) 
(ml  tes/leaf) 


The  'pest  lodd  cepaclty'  celculatecC  fron  plant  condition  Is  either 
approximately  30  nites  per  leaf  from  aquation  5<2  with  Improving  plant 

deci Inlng  plant  condition  (Figure  II).  The  pest  load  level  (3I>  mites 
per  leaf)  during  the  improving  phase  of  plant  condition  Is  much  higher 
than  that  of  the  level  (21  mites  per  leaf)  during  the  declining  phase 
of  plant  condition.  This  suggests  that  strawberry  plants  can  better 
withstand  spider  mite  damage  during  leaf  growth. 

At  the  polng  of  Intercept  of  the  two  regresalon  lines  from  ague- 

equal  [Fifure  II).  Therefore  the  value  of  X at  this  point  provides  a 
third  value  for  'pest  load  capocity'.  This  intercept  Is  calculated  as 

let(l)  the  spider  mite  population  during  the  past  four  weeks  be 

(2)  the  number  of  leaves  per  plant  gained  and  lost  be  equal 
(T,  - Tg). 

87.3  (In  X)*  - 278.29  (In  X)  + 38.70  • -80.82  (log  X)*  + 
129.68  (log  X)  - 14. k3 

543.68  (log  X)*  - 770.47  (log  X)  ♦ 53.13  " 0 (5.3) 

the refore 

log  X • 0.073,  X > 10°  ®”  i I (mites/leaf) 

jljl.344  . 


1.344, 


(mItes/leaf) 


lll> 


imately  22  slices  par  leaf  Is  considered  as  a pest  load  capacity  for  the 
strawberry  plant.  Consequently  the  'pest  load  copaelty'  of  strawberry 

per  plant  gained  per  four  weeks) , solving  from  the  first  derivatives  of 
equation  b.la  and  b>2a.  can  be  reached  when  the  spider  mite  density  is 
as  high  as  5 mites  per  ieaf  (5-la)  or  6 mites  per  leaf  (5.2a).  From  the 
same  equation,  plant  condition  can  be  seen  to  Improve  but  at  a reduced 
race  when  spider  mite  density  fails  below  5 or  6 ml tes  per  leaf.  However, 

condition  to  Improve  at  a slower  rate.  Therefore  spider  mite  densities 

pient  when  Increasing  and  declining  respectively.  The  'pest  load  capacity' 
may  be  used  to  substitute  the  'carrying  capacity'  as  a regulative  factor 
which  adjusts  or  limica  the  population  growth  rate.  Therefore  'pest  load 
capacity'  may  be  used  to  predict  a population  Increase  rate  for  pest  man- 
agement purposes  using  a population  model.  Constant  presence  of  spider 
mite  population  is  necessary  to  support  the  predator  population, .which 
con  exert  control  on  the  spider  mites  that  will  migrate  into  the  field 
later  on.  Based  on  'tolerance  capacity',  spider  mite  populations  should 
be  manipulated  under  this  population  density  level  instead  of  eliminating 
them  to  achive  no  loss  in  plant  growth  or  development  rate- 


The  nonlinear  function  of  a predator-prey  system  In  which  the  popu- 
lations of  the  two  species  are  principally  regulated  hy  one  of  the  species 
preying  of  the  other  has  been  depicted  as  an  oscillation  characterized 
by  the  Lotka-Val terra  equation  (Lotka,  1920,  Volterrs,  I93I.  Usher  and 
Williamson,  I97h)<  The  equation  is  nathefnatically  hypothesized  under 

ator-prey,  and  a host  plant  (or  a limited  quantity  of  food  resource)  in 
a determined  or  confined  space.  If  populations  of  a tine  series,  preda- 
tors at  generation  t (PH  ) and  prey  at  generation  tt-l  (TN^|),  In  a cen- 

the  solutions  of  the  Lotka-Vo) terra  equation  are  closed  trajectories  (line 
connecting  points  In  time]  around  the  equillbriuni  point  (Canale,  1970, 
Gilpin  and  Rosenweig,  1972,  Hay,  1972,  I97h) . A stable  limit  circle  Is 
like  a stabla  equilibrium  point  except  that  the  trajectory  spirals  In 

the  stable  limit  ciicle  or  the  stable  equl librium  point  system  will  tend 
to  return  to  Its  Former  equilibrium.  Canale  (1970)  plotted  a phase- 
space-diagram  (In  a three-dimensional  coordinate  for  glucose  substrate, 
prey  and  predator  with  the  plotted  points  connected  In  time  series)  frem 


troj«cWrv  tends  to  spTral  toward  a point  of  a limit  circle-  An  Inward 
or  outward  trajectory  spiraling  toward  a stable  point  or  circle  is  ob- 

prey  arc  near  equilibrium,  otherwise,  a coittray  or  no  spiral  trajectory 
will  occur-  When  an  Initial  predator-prey  ratio  is  close  to  or  reaches 
an  equi I Ibrlum  point  or  circle,  the  last  observation  point  of  a time- 
series  data  set  in  a coordinate  Is  closer  to  the  center  of  the  spiral 
than  that  of  any  other  initial  predator-prey  ratios. 

In  this  study,  the  connecting  points  In  time  In  a phase  diagrem 
frera  an  initial  predator-prey  ratio  can  be  fitted  Into  a spiral  function 
by  a regression  model.  The  fit  of  a regression  line  to  a set  of  points 
from  this  model  can  be  used  to  determine  which  Initial  predator-prey 
ratio  Is  the  closest  one  to  the  equilibrium  point  or  circle.  However, 
technical  problems  exist  beceuse  (Ij  the  last  observation  point  In  a 
time-series  of  data  set  In  a predator  (PH  ) and  prey  (TH  ) coordinate 
is  not  necessarily  located  on  the  origin  of  a coordinate  and  (2)  Che 

or  recedes  from  the  origin  of  tfie  coordinate  (Bers,  1969).  Therefore, 
the  origin  of  the  coordinate  has  to  coincide  with  a hypothetical  spiral 
center  of  an  observed  data  set  freon  one  of  the  initial  predator-prey 
retios.  Since  the  hypothetical  spiral  center  Is  unlcnown,  a gravity 
center  of  the  observed  points  In  time-series  of  each  initial  predator- 
prey  ratio  is  used  in  this  study.  The  gravl  ty  center  Is  the  point  which  can 
be  calculated  from  the  time-series  data  set  points  and  which  represents 
these  points  better  in  stability  than  any  original  point  of  observations. 
Therefore  in  an  initial  predator-prey  retio  the  values  of  observeclon 


a tlffc-serlos  can  be  cransforsied 
V orTgTn  of  coordinate.  The 


plotted  against  TN 
from  the  origin  of  coordinate  to  ti 

gravity  center  of  an  initial  predator-pray  ratio  is  used  i 
origin  of  the  new  coordlnates- 

Tbe  formula  for  the  "spiral  of  Archimedes"  is  r » K i 

the  abscissa  of  the  coordinate  (Figure  Ih) . As  indicated  in  Chapter  3, 

one  week.  Therefore  the  response  of  the  prey  to  the  predator  with  a 

of  predator  and  prey.  In  this  study,  the  coordinates  are  determined 
by  population  density  of  T.  urticae  at  week  ftl  dhd  populetion 

density  of  macrooi  I is  at  week  t (PK  ) - From  the  mathematical  caicu- 

data  for  any  initial  predator-prey  ratio-  From  the  "spiral  of  Archimedes" 
the  g (angle  between  radius  and  abscissa)  is  assuircd  to  be  the  Indeperd- 
ent  varieble,  and  r is  the  dependent  variable.  Based  on  this  assump- 
tion, a regression  model,  either  e linear  or  a curvi-polynomlal  eguatlon, 
can  be  used  to  fit  a set  of  points  In  an  Initial  predator-prey  ratio. 

The  estimated  regression  line  among  the  tested  Initial  predator-prey 
ratios  that  results  in  the  bent  Fit  of  the  spiral  function  Is  then 
determined  by  the  highest  value  of  R-$quare. 

The  best  fitting  regression  model  is  used  to  predict  the  closest 
equilibrium  point  or  limit  circle  if  the  corresponding  Initial  predator- 
prey  ratio  can  reach  equilibrium  after  several  generations.  The  purpose 


lii 


of  this  study  theo  Is  to  provide  data  end  s sound  basis  for  an  eventual 
theory  to  predict  population  densities  end  establish  release  ratios  In 
a biological  control  strategy,  k delay  functional  response,  I.e.  response 
of  prey  to  predator  with  a generation  difference,  is  substituted  for 
functional  responses  (Solomon,  I91i9,  1957,  Hoi  ling,  1969)  in  this  study 
to  explain  the  predetor-prcy  system, 

Haterials  end  Methods 

The  initial  predetor-prey  ratios  In  this  study  included  1:2,  l:h, 

1:8,  I:l6,  1:37,  1:64,  and  1:128,  Population  densities  of  predator  and 
prey  In  plots  with  different  initial  predator-prey  ratios.  I.e.  the  ratios 
between  predators  released  Into  the  plots  end  prey  already  present  In  the 
plots,  were  established  weekly  for  nine  weeks  for  the  first  five  ratios 


The  weekly  predator-prey  ratio  plotted  against  tine  (week)  is  the 
traditional  approach  to  shew  an  cgu I librium  point  (Figure  12) . The 
data  were  transformed  (PH  , 7H^^^)  and  the  delay  density  dependent 
functions  with  phasc-spaee-dlagram  (Canale,  1970,  Hay,  1974)  were  used 
to  determirie  wliich  Initial  predator-prey  ratio  lay  closest  to  the  equi- 
librium point.  The  original  population  values  for  predator  and  prey 
were  then  transferred  to  plot  both  populations  In  a phase  diagram  using 
formulae  I and  2. 


(I) 


PH  (Transformed  values  for  population  density  of  predator) 
" ln((Ho.  of  predators  per  leaf  at  week  t>  x 10  + 1) 

TN^^I  (Transformed  values  for  population  density  of  prey) 


(2) 


The  average  life  cycle  of  the  spider  mice,  i.e.  from  egg  to  egg. 

dator  and  prey  In  week  t end  in  week  c * 1 are  considered  a generation 
apart,  although  In  reality  both  populations  have  overlapping  generations. 
The  transformed  value  for  predator  density  at  week  t (PN  ) was  plotted 
agsinst  the  transformed  value  of  prey  density  at  week  t + I [TN  end 
the  resultant  points  for  consecutive  weeks  linked  In  a time  series 
(figure  I3),  An  inward  trajectory  spiral  means  that  the  Initial  pred- 
ator-prey ratio  is  closest  to  the  equilibrium  point  or  limit  circle. 

This  system  Is,  therefore,  quite  different  froni  the  density  dependent 
system  of  Smith  (1935,  1937),  but  is  identical  to  a delay  density 
dependent  system  (liolllng,  I966,  Solcmon,  1949,  Varley,  1947,  Parley 
at  al-.  1974). 

In  order  to  fit  the  "spiral  of  Archimedes,"  Che  values  of  the 
data  points  were  transferred  from  the  origin  of  coordinate  (0(0,  0)) 
tea  new  position,  I.e.  to  the  gravity  center  (O  (TN  , PN  )) 

(Figure  14).  Therefore  the  radius  (r)  from  any  point  on  the  trajectory 
to  the  new  spiral  center  and  the  angle  (?)  between  7 end  abscissa  can 
be  calculated  as  follows. 


the  equation  for  the  Isaslc  spiral,  with  lb  center  at  the  new 
coordinates,  used  for  the  regression  model  Is 


r - K » (6.3) 

where-r  and  B are  defined  as  in  Figure  Ih  and  K Is  a constant.  Equotion 
6.3  satisfies  the  hypothesis  of  the  spiral  that  T is  the  function  of  9, 
Therefore  the  regression  model  can  be  applied  to  test  which  observation 
points  among  the  Initial  predator*prey  ratios  is  closest  to  the  equili- 


Otlier  than  the  linear  regression  model,  there  are  regression  models 
with  higher  order  polynomial  equations  that  also  have  the  characteristics 
of  a spiral  trajectory  but  whose  angle  of  trajectory  I ine  increases 
faster  and  approaches  an  equilibrium  point  (spiral  center]  quicker 
than  that  of  iomr  order  polynomial  equations. 

The  regression  models  discussed  below  are  used  to  determine  which. 
Initial  predator-prey  ratio  best  fits  the  described  conditions. 

rtodel  A,  Linear  regression  model. 

T . ♦ B,  Ti  e u^  (6.4) 

7 : square  root  of  (PN^  * ^t+l^'  * 

point  of  spiral  to  Its  center. 

B : the  everage  response  when  ? 0. 

B^  : the  everage  Influence  of  one  unit  change  In  B. 
g . the  angle  between  r and  abscissa  of  a coordinate  of  i ta 


Quadratic  regressioa  m 


Hodol  C.  Cubic  regression  model. 


(6.6) 


Model  D.  Multiple  curvl-polynotrilal  regression  model. 


Eguatlens  i.U.  6.5.  and  6.5  were  set  up  to  test  the  stable  egulllbriun 
point  when  population  Increase  rota  (rj  Is  0 c r <2  (May,  1972) . 

Results  and  niscussinn 

The  traditional  approach  of  plotting  predator-prey  ratio  against 
the  time  for  the  equilibrium  study  Is  shown  In  Figure  12,  There  is  no 
exact  mathejnatlcel  equation  available  to  describe  this 


functional 


which  predator~prey  ratio  Has  blosest  to  the  equHIbrium  point.  The 
regression  analysis  for  the  selection  of  the  Initial  predator-prey 
ratio  that  is  closest  to  the  equilibrium  point  or  limit  circle  depends 
upon  the  transformed  data,  translocated  origin  of  coordinates  end  spiral 
function  as  shown  In  Appendix  I and  Figure  iA.  The  results  of  Che 
regression  analyses  of  different  Initial  predator-prey  ratios  are  listed 
In  Table  Linear  and  curvl-polyncmlal  regression  lines  are  signifi- 
cant at  either  a O.OI  or  0.05  level  by  the  F-test.  The  highest  R-square 
values  found  in  llneor.  quadratic,  and  cubic  regression  line  are  O.5A7. 
O.SgO,  and  0.801,  respectively.  The  first  two  highest  R-square  values 
of  Model  A,  the  linear  regression  line,  are  found  In  1:32  and  1:128 
Initial  predator-prey  ratios,  but  the  highest  R-square  value  of  the 
other  four  regression  models  are  found  for  the  1:128  ratio  (Table  9). 


that  the  variability  In  the  data  can  be  adequately  explained  by  this 

only  account  for  approximately  5A.7%  of  the  total  variance.  The  statis- 
tical best  fitting  (highest  R^)  regression  lines  among  the  tested  Initial 
predator-prey  ratios  over  all  the  discussed  models  occurred  with  the 
1:128  by  Models  B,  C.  and  0. 

An  R-square  value  of  O.SQI  [P  • O.BQDI)  Is  found  In  the  1:126  Ini- 


tial predator-prey  ratio  by  Model  C for  the  transformed  data  secs 


ji  I Ibrlum  point 


Ilnrt  circl*  with  a spiral  trajectory  is  1:128.  Therefore,  the  ratio 
of  the  equiiibriuoi  point  or  limit  circle  of  the  P.  rcacropi  i is  and  T. 
urticae  system,  is  at  a predator-prey  ratio  of  1:128.  The  8-squere 
value  of  the  regression  line  of  1:128  In  Hodels  A and  B (O.JSS,  Q.88CI, 
respectively]  is  not  sufficiently  large  enough  to  select  either,  but  in 
Model  C the  R-square  is  0,8d],  in  this  predator-prey  system  the  trajec- 
tory of  the  spiral  approaches  Its  center  more  rapidly,  l.e.  a cubic 
function,  instead  of  a linear  or  a quadratic  function.  Since  the 
highest  R-square  value  (0.801)  is  obtained  from  1:128  predator-prey 
ratio  In  Model  C for  the  regressim  line,  the  response  of  the  prey 
population  density  can  be  cMpiaiiied  as  a generation  or  one-week  delay 
functlonol  response  to  the  predator,  maerool i Is.  population  density. 
The  initial  predator-prey  ratio  of  1:128  can  reach  or  be  near  the 
equilibrium  point  or  limit  circle.  When  the  predator,  P.  maerool i is. 

mite,  the  number  of  predators  released  must  bo  dependent  upon  tha 

nunber  of  pradators  released  is  not  directiv  dependent  on  the  best 

between  the  best  Initial  release  ratio  and  the  oquilibnium  point. 


CIWPTER  7 

RCARIC1DE  RESISTANCE  IN  TOOSPOTTEB  SPIDER  HITE.  TETRRNYCHUS 
UBTICAE  KOCH,  ON  FLORIDA  STRAU8ERRY  PWNT 

The  resistance  of  spider  elites  to  ecaricide  was  first  reported  by 
Smith  ec  (1947) • Hites  resistance  has  been  discussed  frcm  two 
different  viewpoints.  One  Is  the  biochemical  mechanisms  which  Include 
Insensitivity  of  cholinesterase  and  Increased  metabolic  powers  to 
detoxify  alien  Intruded  molecules  (Dl ttrich  et  al_. , 1974,  Dittrich. 
1975)-  The  second  Is  the  genetics  of  resistance  of  mites  populations, 

uted  and  selected  for  {Dittrich.  1975),  Brown  {I9EO)  reviewed  the 
mechanisms  of  resistance  against  Insecticides  and  described  six  types 
of  chemical  resistance.  Physiological  mechanisms  of  resistance  were 
classified  on  the  basis  of  behavior,  structure,  penetration,  storage, 
excretion,  detoxification,  and  decreased  sensitivity  by  Cha^Ick 
I|95S}>  Taylor  and  Smith  (1956)  demonstrated  the  genetic  basis  of 
resistance  and  Indicated  that  resistance  to  malathion  was  probably 
based  on  a single  factor  in  their  Cranbury  I colony  of  twospotted 
spider  mitc,  Tetranvehus  urticae.  Andres  and  Prout  (I960)  suggested 
that  the  reslatance  to  parathlon  was  also  based  on  a single  factor. 

The  requirements  for  the  development  and  maintenance  of  resistance 
Include  high  propagation  potential  (Di ttrich  etal. , 1974).  cross 
fertilization  and  cross  resistance  (Dittrich,  1961,  Ong  end  Ballan- 
tyne,  ig?!*).  high  mutation  rate  (Dittrich,  I97S.  Helle  and  Van  Zon, 
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1557),  and  Isolation  or  seml-lsolatlon  of  the  strains  selected  for 
resistance  (Dittrich,  1975). 

The  resistant  genes  of  T.  urticae  to  organophosphate  appear  to 
reside  at  the  same  locus  or  are  closely  linked  loci  (Cranhem,  1975). 
Kensler  and  Streu  (1957)  reported  that  susceptible  mites  demonstrated 
the  greatest  overall  reproductive  capacity  In  that  they  oviposited 
the  most  eggs, 'and  had  the  greatest  percentage  of  viable  eggs  and  the 
shortest  life  cycle.  Dittrich  (1951)  demonstrated  that  by  crossing 
resietent  females  end  susceptible  males  with  a weaker  selection  pres- 

onstrated  decreasing  resistance  to  demeton  In  later  generations. 

An  Interesting  topic  Is  the  measurement  of  resistance  Increase 
rate  of  spider  mite  field  populations  under  low  chemical  selection 


(1975)  St 
dicofol  was  very  slow. 


; the  resistant  decrease  rale.  Dvermeer  ai 


of  reversion  to  susceptibility  of  twospotted 
to  cither  a chlorinated  hydrocarbon,  dicofol, 
nalcd,  under  low  selection  pressure,  which  Is 


the  weekly  chemical  application  with  concantratlons.  As  Indi- 
cated in  Chapter  5,  the  spider  mite  ccmpleted  Tts  Ufa  cycle  In  abou' 

the  chemical  Is  acting  on  each  generation  of  spider  mites. 

Heterlals  and  Kethods 


spotted  spider  nlte  tc 
rstes  (3Q>l^end  60.30%.  respectively) 


id  dlcofol  on  seven  generations  of  twospotted 
Tables  10  end  II.  The  resistance  of  two- 
>th  naiad  and  dlcofol  Increased  at  the  highest 


Jected  to  the  iow  chereical  selective  as  defined  by  toxicologist.  A 
total  Increase  of  about  IbOIC  in  resistance  to  dlcofol  and  3ffi(  In  re- 
slstonee  to  naied  bad  developed  in  seven  generations  of  spider  mites. 
Therefore  It  appeared  that  twospotted  spider  mites  developed  resistance 
to  dlcofol  faster  than  to  naied. 

Cranham  (197^)  demonstrated  that  the  major  resistant  genes  of  sente 
strains  of  twospotted  spider  mites  to  organophosphate  reside  at  the 
same  locus  or  are  closely  linked  loci,  The  genes  of  twospotted  spider 
mite  responsible  for  development  of  reslstence  tc  naied,  an  organo- 
phosphate,  may  bo  the  same  as  that  to  other  organophosphote  chemicals 
shown  by  Cranham  (197%),  and  Taylor  and  Smith  (1956).  Tlie  slow  re- 
sistance Increose  rate  of  spider  mite  population  to  naied  In  this  study 
may  be  explained  as  follows:  (I)  the  resistant  allele  Is  recessive, 
therefore  heterogeneity  Is  susceptible,  (2)  susceptible  mites  have 
higher  overall  reproductive  capacity  In  that  they  oviposit  more  eggs, 
and  have  a greater  percentage  of  viable  eggs,  and  a shorter  life  cycle 
(Kcnsler  and  Streu,  I967). 

Twospotted  spider  mites  reared  on  kidney  bean  leaves  with  DDT 
residue  have  a greater  ratio  of  females  to  males  and  higher  egg  pro- 
duction than  untreated  counterparts  (Dittrich  et  £1.,  197%).  Dittrich 
Si  a^  (197%)  explained  these  phenomena  as  probably  caused  by  stimulation 


of  snail  quantities  of  a strossor  (probably  a sax  ratio  distorter) 
which  is  responsible  for  the  Increased  synthesis  of  DNA,  which  In 
turn  accelerates  eperm  production  which  would  account  for  the  greater 
number  of  fcnules  derived  from  fertilized  eggs.  The  Increase  In 
resistance  rate  of  spider  nites  to  dieofol  nay  be  similar  to  the 
responses  of  elicited  with  DDT  (Dittrich  et  al_. , !97ii) . A high  muta- 
tion rate,  a great  propagation  potantlal  and  cross  fertilization  In 
each  generation,  which  are.tho  characteristics  of  an  arrhenotokous 
species,  n'ay  also  account  for  tite  developnent  of  resistance  of  two- 
spotted  spider  mites  to  dieofol. 

The  reversion  to  susceptibility  to  naled  and  dieofol  In  twospot- 
ted  spider  mite  occurred  In  the  fourth  generation  (Tables  10,11). 

The  twospotted  spider  nite  population  tested  with  nelcd  further  reduced 
It  re-develop  resistance  until  the  seventh 
'his  reversion  to  susceptibility  to  these  two 
susceptible  mites  producing  more  eggs  with  a 
ibillty  (Kensler  and  Streu,  Igb?) . The  reduc- 
ed In  the  foirth  week  nay  be  explained  by  a 
atudy  of  Dittrich  (1961),  who  demonstrated  that  under  the  low  selection 
pressure  of  a lav  concentration  of  demeton,  also  an  organophosphote, 
crosses  between  resistant  females  and  susceptible  males  of  spider  mites 
will  produce  of fspring  wi th  lowered  levels  of  resistance.  It  Is  also 
possible  that  this  lowered  resistance  is  due  to  the  resistant  allele 

Reversion  to  susceptibility  of  twospotted  spider  nita  to  naled  Is 
apparently  fast  under  field  conditions  and  It  Is  possible  that  the  use 
of  naled  will  be  valuable  In  a rotational  spray  system.  The  slow  re- 


Its  resistance  and  dii 
generation  (Table  II). 
acaricldus  may  be  due 


version  to  susceptibility  of  spicier  mites  to  dicofol,  a conclusion 
a iso  reached  by  Overmeer  et  {i27$)  • precludes  its  use  in  a rota* 
tionai  spray  systecn  in  practical  pest  management.  Since  spider  mites 

tyne,  197^*).  it  is  reconnendcd  that  dicofol  be  applied  in  high  con- 
centrations for  the  control  of  spider  mites. 


RESPONSE  0 


H P0PUU1I0NS  to  ACARICIOES 


The  twospotted  spider  mite,  a major  pest  of  Florida  s 

of  leaf  tissues,  and  plant  stunting  followed  by  loss  of  yield  quantity 
and  quality.  Tlie  only  pest  management  praotloe  reootimended  is  the  use 
of  chemicals  to  suppress  the  development  of  spider  mice  populations. 

Tire  first  recommended  cheffllcal  was  sulfur  {Brooks  and  Kelshelmer,  1951). 

was  subsequently  replaced  by  dicofol,  porathlnn  (Brooks  and  Kelshelmer, 
Igbl),  trithlon,  and  naled  (Wolfenbarger,  I968,  Poe,  IS73) . 

Unsatisfactory  management  of  the  mite  populations  Is  caused  by 
Inadequate  coverage,  presence  of  mites  during  the  harvest  when  frequent 

effectiveness  of  several  chemicals  In  field  populations,  Wolfenbarger 
(igbS)  provided  data  which  suggested  that  populations  in  Florida  exhibit 
resistance  to  one  or  more  of  the  following  chemicals:  sulfurs,  chlorl- 

splder  ml tc  to  text  cent  chemicals  was  also  we  1 1 documented  from  other 
areas  (Andres  end  Prout,  I960,  Cranhan,  I974,  Dittrich,  I96I.  1975,  Dit- 
trich ^ 1974,  Hel la  and  Van  Zon,  1967,  Ong  and  Bal lantyne,  1974, 

Ovarmeer  et  a^..  1975,  Taylor  and  Smith,  1956).  Poe  (1973)  demonstrated 
better  suppression  of  Field  spider  mite  populations  with  cyclic  carba- 
mates, sulfite,  and  organotin  acaricldes  than  with  organophosphaCes, 
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carbamates,  chlorinated  hydrocarbons  or  formamtdlrre  acaricldes.  tie 
suggested  that  resistance  was  present  In  the  field  popplatrons. 

The  repeated  and  proionged  use  of  a toxicant  as  iong  as  It  is  stiTi 
effective  has  led  to  the  development  of  resistance  to  several  chemicals. 
The  presence  of  cross  resistance  to  similar  compounds  within  an  acari- 
cide  class  but  not  to  compounds  of  other  classes  was  documented  (brown, 
i960,  Dittrich,  1975,  Ong  and  Dallantyne,  197ll).  Corpounds  of  different 
chemical  classes  may  provide  better  population  suppression  when  used 
alternately  or  In  combination  than  when  etthur  class  Is  used  alone. 

Evidence  of  field  resistance  to  chlorinated  hydrocarbons  (Table  10) 
and  to  organnphosphate  acarlcides  (Table  II)  In  populations  of  spider 
raltos  In  Florida  (Poe,  1973.  Wol fenbarger,  1968)  Is  discussed  in  Chapter 
7-  This  evidence  has  led  to  reseerch  for  more  effective  use  of  the  reg- 
istered acaricides  which  Include  those  to  which  resistance  is  apparent, 

Consequently,  experiments  were  conducted  to  detemlne  If  spider  mite 
populations  can  be  more  effectively  suppressed  when  a chlorinated  hydro- 
carbon (dicofol),  an  organophosphate.  (naled) , an  organotin  (Vender^, 
or  a sulfite  (Omlti®^  are  used  alone  repeatedly,  or  when  tank  mixed 


coitbinations  a 


id  methods  are  as  described  in  Experln 
Results  and  Discussion 

Pavelooment  of  Resistance  of  Solder  Hite  Populations  t 


The  first  application  of  chemicals 
effectively  than  subsequent  application 
nation  is  that  after  being  exposed  to  t 


educed  the  population  more 
(Table  12).  A possible  exple- 
''selectlon  pressure  of  the  first 


spray  of  either  liicofoi  or  neted,  the  population  of  spider  elites  rapidiy 

effectiveness  of  these  chemicais  to  the  mites  in  iater  generations 
(Tabie  12). 

Piots  treated  with  a miKture  of  dicofoi  (PC)  and  neled  {EC}  each 
at  a iower  rate  than  either  used  aione,  had  greater  reduction  of  seasonal 
average  spider  mite  density  and  greater  dally  percentage  mortality  than 
plots  treated  with  a higher  rate  of  naled  {EC)  alone  but  not  dicofoi  (EC) 
(Table  12,  19)-  The  Initial  effect  of  naled  (SEC),  dicofoi  (1.6  EC), 
and  a combination  of  the  two  acaricides  on  spider  mite  populations  was 
the  highest  among  all  tested  chemicals  (Tabie  13.  i^.  13).  Cicofol  (WP) 
and  naled  (EC)  were  the  least  effective  chemicals  for  suppressing  sea- 
sonal spider  ml te  populations  (Table  12).  This  high  Initial  and  low 
seasonal  effects  of  naled  (1.6  EC]  on  spider  mite  population  density 

In  all  cases  except  those  piots  treated  with  either  naled  (8  EC) 
or  a cooib  I nation  of  dicofoi  (1 .6  EC) , naled  (8  EC)  and  Omi  te  (30  WP) , 
the  reduction  of  spider  mite  population  densities  to  the  lowest  level 
was  at  three  to  five  days  after  treatment,  followed  by  an  Increase  In 
population  densities  (Figure  IS.  Table  15,  16,  17.  18),  It  Is  hypoth- 
esized that  the  affect  of  the  chemicals  in  suppressing  spider  mite 
populations  probably  lasted  for  only  three  to  five  days.  In  plots  treated 
with  ocnitc  (30  WP),  dicofoi  (35  WP),  and  their  combination,  spider  mite 

(Table  lir,  15,  16),  and  then  decreased  (Figure  155,  C,  E,  Table  16,  17, 


18).  However,  In  plots  treated  wi  Ch  dicofol  (I.6EC)  spider  nite  popij- 
lotion  density  first  deereosed  for  three  doys  end  then  Increosed  until 
It  peaked  at  dsy  sU  after  application  (Figure  15J).  In  both  plots 
treated  with  dicofol  (WP)  and  dIcoFol  (EC)  the  population  densities  of 
spider  mites  decreased  from  the  sixth  to  eighth  day  after  treatment 
(Figure  I5«,  15d) , Dicofol  (EC)  proved  superior  to  dicofol  (WP)  (Table 
12,  18)  in  suppressing  seasonal  development  of  spider  mite  populations 
and  In  quickly  killing  a large  number  of  spider  mites.  This  difference 
In  performance  could  result  from  the  better  application  characteristics 
of  an  emulsifiable  concentrate. 

Effects  of  Acari  tides  and  Their  Cembinot  lor.s 

There  was  no  phytotoxlclty  observed  on  tested  strawberry  plants  and 
all  tank  mixed  combinations  of  the  acaricldes  appeared  to  be  physically 
compatible.  Seasonal  spider  mite  populations  varied  greatly  In  Experi- 
ment ?A.  However,  all  of  the  tieatments,  except  those  of  dicofol  (WP) 
and  naled  (EC),  provided  better  suppression  of  seasonal  average  spider 
mite  populations  than  the  checks  (Table  12), 

Combinations  containing  Icnter  rates  of  all  three  classes  of  chemicals 
provided  suppression  of  seasonel  population  density  which  was  comparable 
to  either  dicofol  (EC)  or  cmlte  (WP)  used  alcme  ct  their  highest  rate 
(Table  12).  The  use  of  combinations  of  dicofol  (WP)  or  naled  (EC)  with 
cmlte  (WP)  resulted  In  significantly  greater  population  suppression  for 
the  entire  season  than  that  resulting  from  dicofol  (WP)  or  naled  (EC) 
used  alone  et  greater  concentrations  (Table  12),  However,  the  use  of 
a combination  of  lower  rates  of  dicofol  (EC),  naled  (EC),  and  omite 
(WP),  and  that  of  lowen  rates  of  naled  (EC)  and  omite  (WP),  provided 
a poorer  control  of  spider  mite  populations  at  the  beginning  of  the 


chemTcal  program  {Table  19.  ?0).  These  results  (ray  he  due  to  the  fol- 
lowing factors:  (1)  the  probability  of  spider  mite  populations  devel- 

oping resistance  to  all  three  cheralcals  or  to  two  chemicais  is  generally 
less  than  to  any  one  chemical;  (2)  a possible  incotrpatihle  effect  In  a 
lalxture  of  two  different  formulations,  l.e.  EC  end  UP;  {3)  antagonistic 
effect  of  these  three  or  two  chemicals  (Table  20,  Figure  16)  may  result 
In  a poorer  Initial  suppression  of  spider  mite  population  than  from 
cither  one  of  the  chemicals  used  alone.  The  isost  effective  among  com- 
binations of  two  chemicals  appeared  to  bo  dicofol  (WP)  with  esnite  (WP) 
for  suppressing  seasonal  average  population  (Table  12),  but  there  Is  no 
evidence  to  Indicate  a synergistic  effect  (Tsble  20,  Figure  I6), 

Mixture  of  dicofol  (WP)  end  omlte  (WP)  was  not  significantly  dif- 
ferent frotn  that  of  dicofol  (Ef.)  and  naled  (EC)  in  suppressing  seasonal 
spider  mite  populations.  However,  a mixture  of  dicofol  (EC)  with  naled 
(EC)  Is  faster  and  more  effective  than  that  of  dicofol  (WP)  and  omite 
(WP)  in  controTling  spider  mite  populations  for  short-term  control  pur- 
poses (Table  19),  Vendex  applied  at  the  higher  rate  provided  better 
suppression  of  spider  mite  populations  than  vendex  at  the  tower  rate 
(Table  19). 

In  conclusion,  the  dicofol  1.6  EC  is  the  most  effecclvo  acariclde 
among  the  tested  chemicals  for  suppression  of  spider  mite  populations. 

A cccnbinatlon  of  dicofol  EC  and  naled  EC  is  the  only  one  which  did  not 
significantly  shew  antagonistic  effect  among  the  two  and  three  acariclde 
combinations.  Since  the  effects  of  the  tested  chemicals  In  suppressing 

repeating  the  use  of  chemicals  every  three  to  five  days  Is  necessary 
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to  brTrig  tfie  populetTon  down  to  a desired  level.  Weekly  or  ten  day 
population  level.  The  use  of  combinations  of  dicofol  (VP)  with  onite 
control  strategies. 


CHAinSR  9 
C0NCLU5I0K 


The  siojor  purpose  of  this  research  was  to  seek  pertinent  infor- 
mation that  would  enable  us  to  most  effectively  control  or  manipulate 
twospotted  spider  mite  populations  on  strawberries  at  or  below  an  eco- 
nomic threshold.  Based  on  either  the  qualitative  or  quantitative  Infor- 
mations obtained,  we  might  be  able  to  reduce  the  costs  of  control  and 
to  monitor  mite  damage  and  maintain  a place  in  the  competitive  market. 

From  a hypothetical  regression  model,  predator  release  ratios  in 

elor  biology  has  shown  that  tlie  use  of  maeropi  1 is  at  a 1:16  preda- 
tor release  ratio  resulted  in  the  best  control  of  spider  mites  as  re- 
flected by  plant  condition.  The  average  time  required  for  predators 
to  reduce  the  spider  mite  populations  to  belcw  the  injury  level  was 
about  two  weeks,  after  which  the  population  stayed  below  this  level 
for  another  four  weeks,  in  choosing  Integrated  control  methods  the 
spider  mite  population  density  should  be  determined.  A high  preda- 
tor release  ratio  (1:2)  Is  required  to  obtain  the  most  rapid  control 
of  spider  mites  at  high  population  densities  before  they  can  cauaa 
serious  damage  to  the  host  plants,  but  the  higher  predator  release 
ratio  results  In  a higher  cost  of  control.  Therefore,  a chemical  con- 
trol program  may  be  included  in  the  pest  control  strategy.  The  use 
of  acariclde  depends  on  the  population  density  of  the  spider  mites  as 
well  as  the  population  density  of  predators. 
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DIcofol  (1.6  EC]  applied 


spider  oilte  control.  Due  to  the  rapid  development  oi 
spider  nlle  populations  to  dieofol,  a combination  of  lower  rates  oi 
dicofol  (1.6  EC)  and  naled  (8  EC)  Is  the  alternative  choice  In. con- 
trolling  resistant  spider  mite  populations.  Side  effects  notwith- 
standing, the  repeated  use  of  acariclde  on  aver/  fifth  day  would  bi 
the  best  way  to  suppress  and  to  eliminate  spider  mite  populations. 
However,  the  frequent  application  of  chemicals  would  be  costly  and 


would  result  In  higher 
of  the  environment  es  i 


applied  I) 


of  residues  that  would  cause  pollution 

Integrated  program  at  two-week  Inter- 

ji I is  should  bo  released  to  suppress 
pw  'tolerance  capacity'  or  'pest  load 
capacity'  of  the  strawberries.  This  Initial  release  should  be  made 
between  two  successive  chemical  applications  that  are  fourteen  days 


cldes  should 
vals  instead  of  five 
to  chemical  control , 
spider  mite  popuiati 


Cultural  practices  and  other  factors  also  Influence  plant  condi- 
tion and  spider  mite  population  density.  Among  the  nematlcldes  tested, 
CCA-I2Z23  (10  c)  was  the  most  effective  for  the  suppression  of  spider 
mite  population  density  and  in  turn  was  the  best  for  the  plant  condi- 
tion. Additional  anrnonlum  nitrate  applied  as  fertiliser  also  Improved 
plant  condition.  California  grown  strawberry  seedlings  exhibited 
better  plant  condition  and  were  better  able  to  tolerate  spider  mites 


67 


Consequently,  the  best  pest  nonagerocnt  strategy  consists  of  Integrating 
biological  control  with  soil  treotment,  ferti I izer  and  plant  source. 

This  research  indicates  that  the  greatest  potential  lies  with  a Celi- 
fornla  produced  plant  grown  In  soil  Created  with  CGA-12223,  and  Increased 
annonlLsn  nitrate  fertilizer  with  an  approaltnate  Initial  release  ratio 

However,  the  timing  and  technique  of  release  of  _P*  macrool Its  and 
timing  of  chemical  application  depend  on  our  ability  to  predict  tiro 
population  densities  of  T-  urticoe.  ?.  macrool I Is.  and  other  straw- 
berry posts  and  their  natural  enemies.  This  area  needs  to  be  Intensively 
studied. 

'Pest  load  capacity',  the  maximum  population  density  of  spider  mites 
that  can  be  sustained  by  strawberry  plants  without  negatively  affecting 
plant  condition,  nay  be  used  to  predict  a population  Inenease  rate  for 
management  purposes  using  population  simulation  models.  Also  the  maxi- 
mum population  density  of  spidar  mitos  at  or  below  the  'tolerance  capac- 
ity' can  be  sustained  by  the  strawberry  plant  without  Influencing  the 
maximum  rate  of  improvement  of  plant  condition.  In  order  to  control 
twospotted  spidar  oilte  populetion  density  to  below  a 'tolerance  ca- 
pacity' (5  to  6 mites  per  leaf)  and  to  practice  a long-term  pest  man- 
agement, we  have  to  suppress  the  spider  mite  population  with  predators 
as  well  as  raleasa  spider  mites  Into  tha  field.  The  constant  presence 

can  exert  control  on  spider  mites  that  will  later  migrate  into  the 
field.  The  techniques  to  achieve  these  Interactions  need  to  be  further 


Si 

i 

1 

Hi 

^ a 

3 

si 

«i 

s 

Hi 

S 1 

i 

Hi 

s 

Si 

3 a 

2 

Hi 

s 

5 

Hi 

5 ?I 

iH 

i 

iS 

3 a 

s 

Mi 

s 

IK 

3 !i 

yjlii 

i 

I 

y 

■i 

j 


i 5 : 

i i 1 

i f 

ll 

r 

s 

1 s i 

l!' 

S 

- 11 1, 

i 

! j lit- 

i 


5 ! 1 ! 1 ; 1 , 

Pi 

2 : S 2 1 3 ' ! 

ft* 

j 3 S 1 i , s i 

sip 

3 ! ; 5 i 1 : § 

|l 

, i 

ili 

nsgi  - 1 

li 

= J ; : 5 1 s i 

I 


I 


A 

rriTi ! 

i, 

i 

j 5 “ S ? , 

111 

p 

1 

? 2 ■ S 3 , 

Pii 

= |2|5  : 

1 

iiiiis 

til 

i 

liin  ^ 

S 

iiHi  I 

lii 

ll 

:•  3 :•  1 ^ 

3 3 5 3 3 1 

I 


"iSST Fre»nt 


"•“  <::S„  ,!;&  ,!:K„  tS»  S;S« 
,!:J:;„  ,::S«  ,S:S,  ,::S« 
(KSo  ,::s, 


,s:2„  s:;;;., 


twoapotted  spider  Biitd  populations  and  plant  condition. 


No.  leaves/  -0. 153 
plant  (0.0/67) 


-O.lli/  -O.IJli 

(0.0892)  (O.ISM) 


-0.094  -D.033 

(0.2428)  (0.6685) 


(0.0225)  (O.BI96) 


0.036 

(0.6592) 


0.170  -0,031  0.218 

(0.0143)  (0.6755)  (0.0031) 


0.168  -0.015 

(0.0114)  (0.8125) 


I.  Values  In  the  parenthesis  are  the  type  1 error  probabilities,  that  Is, 
the  probabilities  of  observing  the  recorded  correlation  If  the  variables 
are  not  correlated. 
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continued. 


^ Is  no.  (iiltes/leef  efter  trentment,  Tl  Is  no.  mltes/leaf 
tredtnent,  Ca  Is  no.  luites/leaf  In  check  plots  after  treat- 
nd  C|j  Is  no.  nitos/leaf  In  check  plots  before  treatment. 
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Figure  2.  Effects  of  predator  fPhvtQseiulus  mecroplUs)  release  ratio 
on  population  density  of  Tetranvchus  urticae:  a.  egg  stagc^ 
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end  Tatranvchus  urticae  to  pradator  release  ratio. 


of  twospotted  spider  mite.  T.  prttcae.  and  lis  predator, 
macrooll Is . strawberry  plant  condition,  and  predator- 


F,  control. 
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Figure  6.  Responses  of  strawberry  plant  condition  (number  of  loaves 
per  plant)  to  predator  release  ratio. 
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Figure  7.  Effects  of  initie!  predator  release  ratio  on  the  index  of  plant 
condition  and  spider  cnilo  density. t 


, Index  = (Seasonal  average  number  of  leaves  per  plant  on 
predator  introduced  plot  - seasonal  average 
number  of  leaves  on  control  plot)/(vreekly 
average  of  spider  mite  on  predator  introduced 
plot  - weekly  average  number  of  spider  mites 
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Figure  6.  A simplified  hypothoclcel  causal  network  among  predator,  prey 
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Rssl  and  predicted  response  of  average  seasonal  plant  condi- 
tion to  the  Initial  predator-prey  ratio  at‘ release. 
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Figure  io,  Response  of  prey  population  density  to  Initial  predator- 
chus  urticee  being  the  predator  and  prey,  respocclveiy. 
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Cofrpsrison  between  actual  and  hypothetical  reeponees 
of  twospottad  spider  mite  population  densities  Co 
(A},  dicofol  (35  WP,  I lb  ei/ecre),  (B).  nalod  (8  EC, 

I lb  al^acre),  (Cl.  omi te  (30  VP,  0.5  lb  ai/acra), 

(D).  dicofol  (1.8  EC,  I Ib  al/acre],  and  their  conblna- 


't  significantly  different  from  actual  response 
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Appendix  lb.  Weekly  prey-predator  ratio  of  Tetranvchus  urticae  end  Phvto- 
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